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$-29700 Spectro-Electrometric Titration Apparatus—Model SE, SARGENT-MALMSTADT..... $690.00 


For SPECTROPHOTOMETRIC TITRATIONS For ELECTROMETRIC TITRATIONS 


Provides direct automation of most titrations 
now being performed which inherently or in 
conjunction with an indicator provide a spec- 


Provides facilities to perform automatic deriv- 
ative potentiometric titrations as performed 


trophotometric end point. These include acid- by the S-29690 SARGENT-MALMSTADT r. 
base, oxidation-reduction, complex formation automatic potentiometric titrator. Provision is 

and some precipitation reactions, indicators made for the convenient connection of simple 
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SS, q 2 CS E NI i SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


E.H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 3O, ILLINOIS 
DETROIT 4, MICH. » DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. * SPRINGFIELD, N.¥: 














TIC 


IT 


MICALS 


ILLINOIS 
ELD, Node 









¢ s 

1 : 

1 ’ 

1 ‘ 

1 Webster says: ; 

! 

1 i 

QUALITY means “the "Whigs 
cd 

degree of excellence and or 

i 

superiority” - 

; 

‘ i 


28 oe ee ee ee ee ee ee se ee ee es os © 


at Nutritional 
Biochemicals 


Corporation 


QUALITY 








is one of our proudest assets! 


Every biochemical we offer must meet or exceed our rigid Quality Control standards. Every chemical is 
tested for adherence to specifications. Every NBCo biochemical is of the HIGHEST possible quality com- 
mercially available ... at the lowest possible price. In addition to our reputation for high quality at a 
low price, we pride ourselves in offering the FASTEST service of any research biochemicals company: all 
orders shipped within 24 hours of receipt, and we can even provide emergency shipments within ONE hour! 
Why not find out for yourself why we have become the nation’s leading research biochemicals organization? 


Our catalog of more than 2,500 items includes: 











@ Over 300 Amino Acids @ Enzymes — Crystalline @ Carbohydrates 

@ Over 90 Peptides @ Enzymes — Purified ®@ Purified Proteins 
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Owing to the vast response to pre- 
vious advertisements it has been 
found necessary completely to re- 
organize the Translation Depart- 
ment of The Pergamon Institute. We 
now therefore wish to recategorize 
our list of translators. If you have 
done previous work for us or would 
like to join our translation panel 
would you please contact The 
Administrative Secretary at one of 


the undermentioned addresses. 
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GARE ZEISS, VL. 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 


CARL 
| ZEISS 


Standard 


Microscope 
Model GFL-654-633 








CARL ZEISS Standard Microscopes are the 
products of nearly a century of experience in 
microscope design and construction. The 
STANDARD series is offered in a wide variety 
of models to suit every purpose, one of which 


is the versatile MODEL GFL-654-633. 


This model features a special tube and Attach- 
ment Camera designed to make photomicrog- 
raphy positive, simple and fast. Its accom- 
plishments in bright and dark field, phase 
contrast, micro-projection and photomicrog- 


raphy are renowned. 


Mechanically and optically this instrument is 
without a peer. Attachment Camera makes 
standard 35 mm film pictures (1 x 144 in.) in 
black-and-white or natural color. A reflex 
prism, attachment ring and focusing eyepiece 


assure speed and ease of accurate operation. 


Get complete details on the CARL ZEISS 
Standard Microscope GFL-654-633 before in- 


vesting in photomicrographic equipment. 
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4Chroma-pure fractions 100 times larger...vastly superior infrared spectra...with the new Beckman 
Megachrom® preparative gas chromatograph and the IR-4 Infrared Spectrophotometer. % The 
Megachrom instrument separates ultra-pure fractions in quantities not possible with standard 
chromatographs. This allows the analyst to use a single ultra-pure fraction for many different 
studies. The quality of the fractions—up to 99.9999% pure— changes concepts of infrared spectra. This 
permits heretofore impossible analyses of one’s own or competitive products. % You can apply to 
these Megachrom-pure fractions all the advantages of the double-beam, double monochromator 


IR-4: unmatched resolution at a given scanning speed...unmatched scanning speed at a given reso- 





lution...unsurpassed photometric accuracy...unmeasurable stray light interference...and a complete 
line of accessories for versatility of use. % Beckman also offers the GC-1 Gas Chromatograph for 
routine applications...the GC-2 for research as well as quality control...the low-cost, double-beam 
IR-5 Infrared Spectrophotometer for routine use...the prism-grating, double-beam IR-7 for 
research. For more information write for Data File 38-36-04. Beckma n:/ 


Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 


2500 Fullerton Road, Fullerton, California 


See these and other Beckman products, Booth 446, Chicago ISA Show, Sept. 21-25. 















INSTRUMENT MEGACHROM 
COLUMN: FOUR 12 FT. APIEZON 
~ 


CARRIER GAS. HELIUM 
FLAMENT CURRENT. 300 MA 
INLET PRESSURE 158 


OUTLET PRESSURE 2@ 

INLET TEMPERATURE 165°C 
COLUMN TEMPERATURE 128°C 
DETECTOR TEMPERATURE 195°C 
CHART SPEED: 0.5 IN/ MIN. 
SAMPLE 5.0 ML ETHYLOENZENE 


BENZENE -| 
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TUE IN MINUTES 

Chromatogram of 5.0 ml. of commercial 99% ethylbenzene fractionated on 
Megachrom. (Megachrom can handle as much as 20 ml! , Note resolution of 
contaminants which total only 1% of injected sample 
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Infrared spectra of Megachrom-pure ethylbenzene (upper curve) and unpuri- 
fied commercial ethylbenzene (lower curve). Impurity bands are circled. 
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Infrared spectrum of 0.1 microliters of oc-methyl benzyl alcohol, a contaminant 
collected by Megachrom. With ordinary chromatograph, collection of this quan- 
tity of fraction for infrared or other analysis would be tedious or impossible. 





Modern... Versatile... 
... Economical! 


INTERNATIONAL’S 
ALL-NEW MODEL UV 
UNIVERSAL CENTRIFUGE 


This latest contribution to centrifuging 
progress combines in one moderately 
priced unit all the features most wanted 
by medical and industrial laboratories. 


STREAMLINED DESIGN! Cabinetized construction 
adds new eye appeal to traditional International 
“work horse” ruggedness. Unitized control panel 
simplifies operation. Convenient storage space keeps 
accessories handy. 


WIDE-RANGE VERSATILITY! Swings more than 80 
different accessory combinations... at speeds up to 
5400 RPM. For example: 4 one-liter bottles, 150 serum 
tubes, 6-250 ml bottles, 16-50 ml tubes. 


MOST-WANTED FEATURES! Stainless steel 
guard bowl makes cleaning easy. Electric 
tachometer, timer and brake assure accuracy... 
improve performance. Powerful series-wound 
motor is International-made for extra reliability. 


GET ALL THE FACTS about this modern, 
versatile, economical centrifuge ... the one 

model you can standardize on for general-purpose 
laboratory work. 
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Precision 


Large-scale electronic computation at desk-side 
Operating from any convenient wall outlet, the powerful, low-cost LGP-30 
gives you the full flexibility of stored-program operation with an unusually 
large memory of 4096 words—2000 more than the next computer in its class! 

Because the LGP-30 command structure and controls have been remarkably 
simplified, you require only minimum experience. You get complete format 
control...alpha-numeric input-output via keyboard or punched paper tape. No 
additional equipment is required for operation although, if desired, a high- 
speed photoelectric reader—with or without mechanical punch—is available. 

The greatest computer value in the market, the LGP-30 requires no expen- 
sive installation or air-conditioning. It may be either purchased or leased. 
Customer training is free. An extensive library of programs and sub-routines 
is available—as well as membership in an active users organization. 


BS 
©) Royal Precision Corporation 


Royal Precision is jointly owned by the Royal McBee and General Precision Equipment Corpo- 
rations. LGP-30 sales and service are available coast-to-coast, in Canada and abroad through 
Royal McBee Data Processing offices. For complete information and specifications, write 
ROYAL McBEE CORPORATION, data processing division, Port Chester, New York 
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ARMY RESEARCH OFFICE 


AN ANNOUNCEMENT OF PARTICULAR CONCERN 
TO MEN INTERESTED IN 


Basic and Theoretical Research 


4 A ATS 


... Particularly Physicists, Mathematicians, Chemists 


and Aeronautical Engineers 


You are invited to explore several new positions on the scientific 
staff of ARO. Those scientists and engineers who are appointed 
will join a small and select group of technical men responsible 

for the over-all planning, coordination and supervision of the 
U. S. Army’s accelerating, dynamic research program. 


You will serve as a focal point for our relationship with the scientific 
community in this country and with other nations. 

You will monitor research within your professional sphere at 

colleges, universities, non-profit institutions and outside contractors. 
The positions are well paid and require men of 


experience, preferably with Ph.D. degrees. For detailed information, 
address your inquiry to: 


a * Dr. R. A. Weiss 
AY \ O Scientific Director 


\ R \ Army Research Office 
, \ Office, Chief of Research and Development 
\ ‘\ Washington 25, D.C. 


ARMY RESEARCH OFFICE 
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What makes the 


EM-75 ELECTRON 
MICROSCOPE 


the best in 


its class? 




















The new EM-75B is a magnetic electron microscope 
designed to bridge the gap between light optics and high 
image resolution by providing enlargements ranging from 
1,000 to 12,000 diameters under direct observation. 


Its “workhorse” features are perhaps most outstanding. 
Reports from users indicate that upwards of 125 good 
quality micrographs are made daily . . . and all this with 
surprisingly low “down-time.” 


Exclusive operating features offer unusual dividends 
through broadening techniques and increasing applica- 
tions. Its extreme flexibility provides a versatile tool 
for many newly conceived experimental techniques, re- 
quiring special manipulation and/or special physical 


Norelee» 


Serving Science 
and Industry 






treatment of the sample while being studied in the 
microscope. 


The EM-75 is unmatched as a general service tool, an 
excellent educational instrument and a perfect control 
medium for laboratories. In addition, an electronics con- 
sole and kit readily converts the EM-75 into an X-ray 
microscope — permitting exploitation and evaluation of 
Opaque specimens. 


Why don’t you investigate the many other features of the 
EM-75? Write today for particulars. 


PHILIPS E:..EBCTRONICS, INC. 


Instruments Division 750 SOUTH FULTON AVENUE, MOUNT VERNON, N. Y. 
In Canada: Research & Control Instruments + Philips Electronics Industries Ltd. * 116 Vanderhoof Ave. * Leaside, Toronto 17, Ont. 
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a space probe rocket are months of meticulous 
analysis, engineering and planning. The staff of 

Space Technology Laboratories is now engaged 

in a broad program of space research for the Air Force, 
id eL-MAE-Ualoyet-VaaXco ue) et-Lennlecm-telede) sy-(ocw ats beebbebicinectateyel 
and the Advanced Research Projects Agency under the 
direction of the Air Force Ballistic Missile Division. 
For space probe projects STI. provides the total concept 
approach, including preliminary analysis, sub-system 
development, design, fabrication, testing, launch 
operations and data evaluation. The total task 

requires subtle original analysis in many fields as 

well as sound technical management. 

The STL technical staff brings to this space research 
the talents which have provided system engineering 
and technical direction since 1954 to the 

Air Force Ballistic Missile Program. Major missile 
systems currently in this program are 

Atlas, Titan, Thor and Minuteman. 

The scope of STL’s responsibilities offers creative 
engineers, physicists and mathematicians 

unusual opportunities to see their ideas tested in 
Wey eb elem ot-Ducbuie-Vucms Sole lbbbulccm-Ducwbehtatacte Ibu-tot-bucbbetsl 
staff openings in the areas of Advanced Systems 
Analysis, Rocket Propulsion, Space Flight Mechanics, 
Dynamics, Structural Analysis, and Aerodynamics. 


Space Technology Laboratories, Inc. 
P.O. Box 95004, Los Angeles 45, California 
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Money Still Isn’t Everything 


Each year at this time Congress takes the bit in its teeth and raises by a 
substantial amount an Administration request for appropriations for scien- 
tific research. The funds are for the National Institutes of Health at 
Bethesda, Maryland, and this year the increase was from $294 million to 
$400 million—36 percent. More money for research should be given a 
hearty welcome, but some scientists regard this increase a bit wryly. Why 
so? Part of the answer is that it may not be possible to spend so much 
money so quickly without significantly lowering present research standards. 
President Eisenhower made this point when with some reluctance he signed 
the bill. But part of the answer also lies in the manner in which differences 
of opinion among scientists about the best way to conduct research are now 
resolved. 

To give an example of a difference of opinion among scientists: although 
everyone agrees that it would be splendid if science found a cure for 
cancer, the problem is how should science proceed? Some investigators see 
great hope in testing one chemical compound after another for its effects 
on tumors and healthy tissue. There is a reasonable chance, these inves- 
tigators believe, that a screening program will lead to the discovery of 
drugs that will significantly retard, cure, or prevent various kinds of cancer. 
Such a program requires an organized effort, a large budget, and a great 
number of scientists, all capable of identifying a significant effect when 
they see one. 

Attempting to take the citadel by storm has been a respectable proce- 
dure since at least the time of Paul Ehrlich’s 606 trys at finding a cure for 
syphilis. But other investigators hold that, although it is fine for some 
workers to screen compounds for possible effects on tumors, they have 
no wish to do so. In fact, these other investigators do not even set their 
sights on anything so specific as a cure for cancer. They are interested 
in seeking better understanding of how cells function. Of course, with 
increased understanding of how cells function may come increased under- 
standing of what causes cancer and, consequently, of how to cure it. 

The manner in which such differences of opinion are resolved explains 
why some scientists regard the yearly increase in appropriations with 
mixed emotions. The differences are resolved in good part by Congress, 
which has its own ideas about priorities in research. In making up the 
money bill, the legislators indicate in considerable detail just how the 
funds they appropriate should be spent. Many observers on one hand will 
laud the support Congress has given the chemotherapy program of the 
National Cancer Institute, but on the other hand will find that funda- 
mental studies are being shortchanged. In arriving at its decisions, Con- 
gress has the benefit of testimony by many scientists, some of whom are 
of the first rank, but something goes wrong when Congress then proceeds 
to pinpoint research targets for the scientific community. Certain pro- 
grams by their very nature are going to have greater appeal for the legis- 
lators and their constituents than other programs. 

Congress seems right in saying, through its yearly appropriation in- 
creases, that an expanding program of medical research should be a part 
of national policy. But to achieve good results, an expanding program 
requires a long-range plan, a proper balance between various kinds of 
research, and not too many detailed directives. Much would be gained if 
the Administration took the initiative in preparing such a plan. Perhaps 
the President’s Science Advisory Committee, with its good record of 
advice on questions of science in national defense and foreign policy, 
should turn its attention to the advancement of medical research.—J.T. 
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This transistorized spectrometer is by far the smallest and most compact avail- 
able—yet it has more important and unique features than any other on the market 
today. Furthermore, it can bé used directly with the Packard Auto-Gamma 


Sample Changer for completely automatic counting of test tube samples. 


Write for Complete Information. Request Bulletin 400. 
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CURRENT PROBLEMS IN RESEARCH 





Redistribution of Wealth 
through Inflation 


Contrary to the generally accepted view, business 


firms do not necessarily gain through inflation. 


Armen A. Alchian and Reuben A. Kessel 


Economists have long speculated about 
the effects of inflation upon the economic 
welfare of the owners of business enter- 
prises. This speculation has almost in- 
variably led to the conclusion that busi- 
ness firms gain through inflation. This 
conclusion has been reached through two 
independent arguments. One, enunciated 
by both J. M. Keynes and I. Fisher, is 
that inflation enables business firms to 
discharge their debts with depreciated 
money, the creditors’ losses being the 
debtors’ gains (1). Strictly speaking, the 
validity of this conclusion depends upon 
two propositions: (i) that business firms 
are debtors, and (ii) that interest rates 
reflect biased estimates of the future 
course of. prices when prices are rising. 
The other argument, advanced by E. J. 
Hamilton and W. C. Mitchell, is that 
inflation causes prices to rise faster than 
wage rates (2). Consequently workers 
are systematically underpaid during in- 
lation, this loss by the working class be- 
ing a gain for the entrepreneurs (3). 
This explanation rests upon special as- 
sumptions about the character of labor 
markets that are generally regarded as 
invalid in other markets. 

Practical men of affairs, in particular 
investment advisers, have been much less 





Dr. Alchian is professor of economics at the 
University of California, Los Angeles. Dr. Kessel 
8 assistant professor of economics at the University 


of Chicago, Chicago, Ill. 
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confident than professional economists 
that the owners of business enterprises 
gain through inflation. They have gen- 
erally concluded that investors can main- 
tain their capital intact during inflation 
by investing in common stocks, such an 
investment being roughly equivalent to 
an investment in inventories. (Common 
stocks are ownership or equity shares in 
a corporation, while bonds represent debt 
obligations of the corporation.) In other 
words, an investor in common stock 
could expect neither to increase nor to 
decrease his wealth, whereas an investor 
in bonds and other cash-type investments 
would suffer a real loss. 

This cautiousness of investment coun- 
selors is traceable to the experience of 
investors in equities during the great in- 
flations that have occurred in countries 
with organized stock markets. It was 
found during the German runaway in- 
flation following World War I, during 
the Austrian and French inflations of the 
1920’s, and more recently during the in- 
flation in Chile that the owners of busi- 
ness firms did not obtain the gains that 
might have been expected on the basis 
of the hypotheses set forth by Keynes 
and Fisher, on the one hand, and Ham- 
ilton and Mitchell on the other. These 
observations are also consistent with the 
behavior of stock price indexes in the 
United States during the inflations asso- 
ciated with world wars I and II. 


What was especially puzzling was the 
fate of the owners of banks. Banks are 
typically enormous debtors, larger debt- 
ors, in fact, than most business firms by 
an order of magnitude. Furthermore, 
banks employ relatively more labor per 
dollar of invested capital than is char- 
acteristic of business firms generally. 
Consequently, it is an implication of 
both hypotheses that banks ought to be 
enormous gainers through inflation. Yet 
the available evidence suggests that one 
of the regular results of inflation is that 
the owners of bank shares suffer. The ex- 
perience of the owners of bank shares in 
the United States, Germany, Austria, 
Chile, and France suggests that the real 
value of bank shares declines during in- 
flation. (Real value is simply price di- 
vided by an index number reflecting 
changes in the price level. Consequently, 
if the price of an asset rises more than 
the price level, then its real value has in- 
creased, and conversely. ) 


Reconciling Hypotheses with Experience 


How can this evidence be reconciled 
with either of these hypotheses? A step 
toward reconciling the Keynes-Fisher 
reasoning with the lessons of experience 
as revealed by the stock market was 
taken by Kessel when he showed that, 
despite the enormous debts owed by 
banks to depositors, there exist offsetting 
credits that are even larger than these 
debts (4). These credits are bank assets 
which are almost entirely (with the ex- 
ception of bank buildings and business 
machines) either money or money-type 
assets such as notes and other obligations 
payable to banks by either private cus- 
tomers or the government. The existence 
of these credits led Kessel to argue that 
one should do more than merely look at 
the credit that business firms have ex- 
tended to their customers. What business 
firms gain from bondholders may be lost 
to those to whom these firms have ex- 
tended credit and may never redound to 
the interests of the owners. 

From his analysis emerged a classifi- 
cation for determining whether or not a 
business firm is, on net balance, a debtor 
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Fig. 1. Net monetary debtor firms as percentage of all firms. [Based on New York Stock Exchange data for 1915 to 1952 and on Ameri- 
can Stock Exchange and “over-the-counter” data for 1940 to 1952] 


or creditor. Kessel classified assets and 
liabilities into categories, monetary and 
real. A monetary asset was defined as an 
asset whose market value is independent 
of changes in the price level. These 
would include money, accounts and 
notes receivable, government and cor- 
porate bonds, life insurance, prepaid 
taxes, and so on. A monetary liability 
was defined as a liability whose amount 
is independent of changes in the price 
level; these would include accounts pay- 
able, notes payable, mortgages, bonds, 
preferred stock, and so on. Preferred 
stock, although called a stock, is typi- 
cally corporate debt rather than equity. 
A net monetary debtor was then defined 
as a firm whose monetary liabilities ex- 
ceeded its monetary assets; and con- 
versely for a net monetary creditor. The 
net monetary status would indicate the 
magnitude of the gain or loss a firm 
would incur from a given amount of in- 
flation. However, firms with the same 
amount of indebtedness but of unequal 
size, where size is measured by the ag- 
gregate value of the equity of the own- 
ers, would have unequal movements in 
absolute stock prices. Therefore, in or- 
der to compare corporations of unequal 
size, the ratio of net monetary debt to 
equity, as measured by the market price 
of shares times the number of shares out- 
standing, is used as the measure of net 
monetary debtor or creditor status (5). 
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The effects of stock dividends, stock 
splits, and rights offerings were held 
constant and did not affect measure- 
ments of changes in stock prices. “Stock 
dividends” and “splits” increase the num- 
ber of shares of common stock without 
changing the total investment, whereas 
“rights” entitle existing stockholders to 
increase the investment in the corpora- 
tion by purchasing new shares at a price 
below existing market prices, thereby also 
involving some dilution in per-share 
value. And it was assumed that divi- 
dends were continuously reinvested in 
the shares of the companies that issued 
them, because this would eliminate vari- 
ations caused by differences in the ex- 
tent to which profits were reinvested. 

For the United States, Kessel found 
in his preliminary study that banks were 
typically net monetary creditors, and that 
the real value of their shares actually 
did decline during the World War II 
inflation, in accordance with the Keynes- 
Fisher hypothesis. Furthermore, the real 
value of bank shares seems to have gone 
down during inflation for every country 
for which data are available. 

Kessel also examined the balance 
sheets of a small random sample of in- 
dustrial firms whose stock is traded on 
the New York Stock Exchange. (Rail- 
roads, utilities, and investment compan- 
ies were omitted. Railroads and utilities 
were not included because it was sup- 


posed that their very close regulation 
might conceal the effects of inflation 
upon their stock prices. Investment com- 
panies were omitted because of the mag- 
nitude of the problems encountered in 
evaluating the debtor-creditor status of 
their assets.) In 1939, about 40 percent 
of the observed firms were creditors and 
could be expected to lose through infla- 
tion, according to the Keynes-Fisher rea- 
soning. After the firms had been divided 
into the two categories, debtor and credi- 
tor, and after the changes in share prices 
between 1939 and 1946 had been ex- 
amined, a significant difference was de- 
tected between the rise of share prices 
in the two categories. The share prices of 
net monetary debtor firms rose signifi- 
cantly more than the prices of net mone- 
tary creditor firms. For a period of de- 
flation, 1929-1933, the reverse was found 
to be true. The share prices of net mone- 
tary creditors fell significantly less than 
the share prices of net monetary debtors. 

The behavior of the stock prices of 
bank shares during the inflation associ- 
ated with World War II was indistin- 
guishable from the behavior of the shares 
of equivalent industrial creditors. Other 
evidence indicates that banks were char- 
acterized by large amounts of labor per 
dollar of invested capital as compared 
with enterprises generally. This evidence 
casts doubt upon the validity of the 
Hamilton-Mitchell reasoning, that infla- 
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____ | tion causes real wages to fall. If the changed spectacularly since 1914. The made the assumption they did about 
wage lag had been operative, the value percentage of firms in each category is business firms being debtors. 
of bank shares would have risen more shown in Fig. 1. These data are based Apparently individual firms usually 
than the value of the shares of equiva- on the New York and the American did not shift their net monetary status 
lent industrial creditors. Stock Exchange samples. The shift from frequently. A firm that was a net mone- 
This evidence validated the proposi- predominantly net monetary debtor sta- tary debtor in one year was very likely 
tion that during inflation interest rates tus, around the time of World War I, to be one in the next year, despite a 
are systematically lower than they ought to a ratio of approximately 50:50 in 1952 gradual shift of the population as a 
to be if inflation is not to transfer wealth may explain why Keynes and Fisher whole. A classification of firms during 
from creditors to debtors, but it also chal- 
lenged the assumption that business firms 
™ a et, — a Table 1. Observed stock price values (with reinvested dividends) for episodes of infla- 
nism for redistribution that Keynes and tions, deflations, and stable prices, by exchanges and industries. [From Moody’s Indus- 
Fisher envisaged was correct, but their trials (1914-1953); Commercial and Financial Chronicles (1921-1953); Bank and 
assumption that business firms were gen- Quotation Journals (1928-1953) ; and New York Times (1915—-1953)] 
erally debtors was wrong, and it was this re iF Poe aE eee mF 2 
that led them to the erroneous conclu- Kind and resulting debtor 
sion that business firms gain through in- Population sampled No. of equity minus t§ p|| 
flation. This evidence also explains the firms* valuef creditor} 
behavior of stock-price indexes during sud ($) ($) 
inflation. If a substantial fraction of all ate Ta keer I nflations BET me 
business firms were net monetary credi- 1915-1920: 
tors, then an index number of stock New York Stock Exchange Debtors 78 2.66 + 1.06 3.27 .001 
prices that was composed of both net New York Stock Exchange Creditors 22 1.60 
—l— | monetary debtors and net monetary 1940-1952: 
) Se creditors would not necessarily rise in New York Stock Exchange Debtors 29 5.93 + 1.47 1.80 .05 
_— real value during inflation. Indeed, if the New York Stock Exchange Creditors 35 4.46 
" I debtors just balance out the creditors, American Stock Exchange Debtors 57 11.30 + 3.25 1.65 .05 
‘ American Stock Exchange Creditors 70 8.05 
one would expect stock prices generally 
to keep pace pretty closely with the gen- pp dr anf oarcoontd Debtors 22 9.38 + 2.93 1.19 12 
; Over-the-counter Creditors 45 6.45 
lation | @! Price level. These results led to a Steel industry Debtors 29 6.92 + 0.25 15 44 
flation | much larger-scale investigation, designed Steel industry Creditors 27 6.67 
-com- | both to provide stronger evidence of the Chemical industry Debtors 19 7.17 +253 1.24 12 
. mag- validity of the mechanism for redistri- Chemical industry Creditors 19 4.54 
red in | bution envisaged by Keynes and Fisher Textile industry Debtors 29 16.33 + 6.67 1.45 .07 
tus of | and to enlarge our empirical knowledge Textile industry Creditors 22 9.66 
sadaild of stock prices (6). Department stores Debtors 29 8.96 +4.81 2.64 .007 
Department stores Creditors 22 4.15 
= and New York Stock Exchange 
infla- New Evidence for Mechanism wage firms Debtors 50 7.85 2.07 1.76 .04 
“r rea- New York Stock Exchange 
ivided of Redistribution wage firms Creditors 32 5.78 
a . The population of firms investigated 1921-1922: en 
n ex- | Wcludes all of the industrials whose = New York Stock Exchange Debtors 118 148 -030 -1.73 045 
as de- | ‘ommon stock was traded on the New New York Stock Exchange Creditors 24 1.78 
prices York Stock Exchange at any time be- 1928-1933: 
‘ces of | ‘Ween 1914 and 1952. For 1933-1952, New York Stock Exchange Debtors 63 49 -060 -3.17 .001 
ignifi- the American Stock Exchange was also New York Stock Exchange Creditors 35 1.09 
snout included. Furthermore, four separate in- Stable prices 
of de dustries were studied for the period 1923-1930: 
found | !940-1952—chemicals, steels, retailing, New York Stock Exchange Debtors 50 2.78 +0.45 1.08 14 
natin and textiles—in order to hold constant New York Stock Exchange Creditors 15 2:35 
s than any industry differences. The period of 1933-1940: 
»btots. the study, 1915-1952, includes two in- New York Stock Exchange Debtors 56 4.31 — 0.80 — .89 81 
na lations (world wars I and II), two de- New pc besa Creditors 54 Af 
associ- _ leqdtgh rl Paogee > alma ae OE ee ome. meee 
dintins wo periods of relative price stability American Stock Exchange 
shares (1923-1930 and 1933-1940). The num- (curb) Creditors 20 4.72 
Other ber of firms observed in a — ranged * Number of firms that maintained debtor (or creditor) monetary status during at least 34 of the episode. 
_ char- from a minimum of 71 to a maximum + Mean price plus reinvested dividends at the end of the episode, per dollar of 1940 stock prices. 
or per of 885. In all, nearly 14,000 firm-years : aa equity value for net monetary debtors minus mean value for net monetray creditors. 
udent’s ¢ test coefficient: 
pared of data were observed and analyzed. eda (¥ a % 
ene What do these data show? The distri- x : “ er. ‘ ck 
f the | bution of firms by net monetary debtor SSRN. Tcticm when several different population variances are involved,” Biometrika 94, 28 (1947). 
infla- and net monetary creditor status has Two-tailed test is used for periods of price stability] 
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the 1915-1920 inflation according to net 
monetary status shows that 78 of the 
firms were net monetary creditors dur- 
ing at least 4 years of the 6-year span, 
while 22 were net montary debtors dur- 
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ing at least 4 of the 6 years. A few did 
not retain their status for as long as 4 
years. According to Keynes and Fisher 
the net monetary debtors should have 
had an increase in the values of their 
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stocks relative to the net monetary credi- 
tors. The observed data show that $1 of 
equity of the net monetary debtors in. 
creased to $2.66, while the net mone- 
tary creditors’ dollar increased to only 
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Fig. 2. Market value of equity for debtors as compared to that for creditors (per dollar of base-year common stock value). 
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$1.60; the superiority is 57 percent and 
one which would have less than 1 chance 
in 1000 of occurring by an unusually fa- 
vorable random selection of firms if there 
really were no transfers of wealth from 
creditors to debtors. 

Table 1 contains more details, as well 
as the results for the inflation of 1940— 
1952, for each of the populations of firms 
studied. In every instance the net mone- 
tary debtors did better. In Fig. 2 these 
results are given in the form of a graph. 
The probability sampling levels are suffi- 
ciently small to make it extraordinarily 
difficult to attribute such results to ran- 
dom sampling. And when the probability 
levels are combined by the R. Fisher 
chi-square method, the sampling prob- 
ability falls to below 1 chance in 10,000. 

To test whether the results are attrib- 
utable to inflation rather than to a hid- 
den factor which makes the better firms 
become net monetary debtors, the defla- 
tionary episodes were also considered. In 
the two deflations of 1921-22 and 1928- 
1933, the firms were again classified ac- 
cording to whether they were persistently 
net monetary debtors or creditors. In the 
short deflation of 1921-22, each firm in 
the sample maintained its monetary 
status during the entire period. In the 
1928-1933 episode, one deviation was 
permitted. In both deflations the net 
monetary creditors did better than the 
net monetary debtors—just the opposite 
of the finding for inflations and in con- 
formance with the predictions of the 
Keynes-Fisher model. The sampling 
probability levels are small, being less 
than 5 percent for the short deflation of 
1920-22 and less than 0.1 percent for 
1929-1932. The combined sampling 
probability is less than 0.01. Finally, for 
the periods of price stability of 1923-1930 
and 1933-1940, a similar classification 
of firms revealed no difference in per- 
formance between the net monetary 
creditors and the net monetary debtors, 
again in conformance with the Keynes- 
Fisher hypothesis as modified here. These 
results are also given in Table 1. 

But what about the Mitchell-Hamil- 
ton wage-lag hypothesis and its impli- 
cations for business profits? Possibly la- 
bor intensiveness is correlated with net 
monetary status. Under these circum- 
stances, the wage lag, while unrevealed, 
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might yet be operative. To explore this 
possibility as well as the possibility that 
growth might be correlated with debtor- 
creditor status, a sample of 113 firms 
listed on the New York Stock Exchange 
was obtained. These firms were the en- 
tire population of industrials that re- 
ported wage bills some time during the 
interval 1940 to 1952. Three variables— 
(i) net monetary debtor or creditor sta- 
tus per dollar of equity, (ii) wages paid 
per year per dollar of equity, and (iii) 
yearly sales per dollar of equity—were 
evaluated for potential predictive con- 
tent by means of partial correlation 
analysis, (Equity values were determined 
by the market price of shares.) And in 
order to avoid violating assumptions un- 
derlying probability tests of significance 
for correlation analysis, ranks for the 
three independent variables were used. 

The results of this analysis revealed 
that only net monetary status was cor- 
related with relative stock price changes, 
and that this correlation was in the pre- 
dicted direction. Moreover, the chance 
that this observation would be produced 
by random sampling from a population 
characterized by an absence of this cor- 
relation is less than 1 in 1000. This evi- 
dence is completely consistent with the 
hypothesis that the wage lag is inopera- 
tive—that is, that the imperfection of 
the labor market postulated by the wage- 
lag theorists is nonexistent. Conse- 
quently, these results must be regarded 
as evidence against the hypothesis that 
a wage lag increases business profits dur- 
ing inflation. However, one must not 
lose sight of the fact that this is only 
partial evidence, from a nonrandom 
sample consisting of 113 firms. 





Conclusion 


These results, reported here for the 
first time, while constituting overwhelm- 
ing evidence in support of the Keynes- 
Fisher reasoning about the bias in inter- 
est rates during inflation, fail to support 
their conclusion that business firms gain 
through inflation. The frequency of debt- 
ors in the business population is not 
great enough to justify Keynes and 
Fisher’s sweeping statements about the 
gains of business enterprise through in- 


flation. This evidence also suggests that 
the Keynes-Fisher theorizing about the 
effects of inflation is not specific to busi- 
ness enterprises; it is a general theory of 
wealth transfers caused by inflation and 
is equally applicable to individuals. 
What count are monetary asset and 
monetary liability positions and not the 
type of economic activity in which one 
engages. 

Especially pertinent to much of the 
current discussion of the consequences 
of inflation is that the present evidence, 
by validating the wealth-transfer effect 
from monetary creditors to monetary 
debtors (and rejecting the wage-lag 
hypothesis), verifies the implication that 
inflation is basically a “tax” on creditors 
in favor of debtors. Inflation constitutes 
a tax on the wealth of individuals to the 
extent that they are holders of money- 
type assets rather than savers, wage-earn- 
ers, businessmen, widows, orphans, or 
retired schoolteachers. 

These results have implications for the 
adjustment of personal investment and 
wealth portfolios (including not only 
stocks, but bonds, life insurance, mort- 
gages, charge accounts, cash holdings, 
and so on) in order to hedge against 
inflation or to profit if inflation comes. 
Similar reasoning applies to the man- 
agement of investment, pension, and 
trust funds. 
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Freedom in Research 


Like food, we should have it in sufficient measure, but 


we should not need to assure ourselves by gluttony. 


In these days, freedom is mentioned 
so often in connection with research 
that a naive person might come to be- 
lieve that freedom is, if not an end in 
itself, at least a sovereign ingredient 
which ensures success. 

Whatever freedom may be, we some- 
times feel that we want it above all 
things; we long for freedom, not only 
from the tyranny of people and events 
but from the weaknesses of flesh and 
spirit, from our appetites and our as- 
pirations alike. This freedom, which I 
believe we shall eventually have in full 
measure, is very different from freedom 
as it appears to a willful child—having 
his own way from moment to moment, 
regardless of consequences to himself or 
others. 

If there are indeed many sorts of 
freedom, then many sorts of freedom 
may be important in research. However, 
we will merely become confused by try- 
ing to identify freedom with the course 
and aim of research. The course of re- 
search is intelligent, creative, and en- 
thusiastic work toward an end. The aim 
of research is new understanding or new 
accomplishment. Freedom will be im- 
portant to research insofar as it con- 
tributes to the wise choice of problems 
and to the enthusiastic and successful 
pursuit of solutions. 

It seems clear that the research worker 
must be free to work on a problem which 
challenges and interests him and which 
is yet within his capabilities, rather than 
a problem which he finds dull or which 
is beyond his abilities. He must be free 
to equip himself. adequately to tackle 
his problem, with physical apparatus, of 
course, and also intellectually, through 
study or through contact with others, 
near or far. Without a good measure of 
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such freedom, successful research just 
can’t be carried out. 

However, freedom should be like the 
food we eat. We should have a sufficient 
measure of freedom at hand when we 
need it. It should not be necessary for us 
to reassure ourselves about our freedom 
by engaging in ostentatious discussions or 
acts of freedom any more than it is for 
us to assure ourselves of continued suste- 
nance by ostentatious gluttony. Indeed, 
a mania for freedom may be just as de- 
structive to research as a lack of it. 

We all know people who come around 
with a wonderful new idea every month, 
week, or day (maybe it just seems like 
once a day). I don’t believe that even a 
great genius has that many ideas worthy 
of his serious effort. The man with an 
idea a day is unlikely to do anything sub- 
stantial about any idea. He may become 
disgruntled force 
others to work on his ideas, or he may 
unhappily work on one idea and _ be- 
moan the tyranny of the world in gen- 
eral. In no case is he apt either to make 
himself happy or to enrich the world. 

Freedom does not even require that a 
man work on his own ideas. To do so is 
fine if the ideas are the best ones at 
hand. But, above all, a man needs to 
work on good, well-chosen ideas. Emi- 
nent and creative mathematicians have 
worked on Hilbert’s problems of their 
own free will ever since Hilbert pro- 
pounded them. First-rate scientists have 
traveled halfway around the world to 
work under a particular person or with 
a particular group and have worked 
gladly on problems suggested by the 
person or pursued by the group. Many 
a first-rate man has thanked his lucky 
stars that someone suggested that he do 
this or that. The idea may come from a 
colleague near or far, or from a “boss” 
who is older, wiser, or cleverer than the 
man himself. 


because he cannot 





need freedom in 


Still, one does 
choosing problems. It is deadly when a 
man feels that a problem is forced upon 
him, and even more deadly when he 


feels that it is a bad problem, either be- | 


cause the problem is just no good or be- 
cause the problem is beneath or beyond 
his capabilities. 

A man certainly doesn’t need to exer- 
cise his freedom every day just to prove 
that it is still there, but it is a terrible 
thing to lose freedom, especially if it is 
lost little by little, so that he does not 
miss it until it is too late, or, even worse, 
does not realize that it is gone. 

What, then, are the enemies of free- 
dom? What can make a research worker 
unfree? I believe that several rather dif- 
ferent things can do this. 


Demands of Responsibility 


It seems to me that freedom is an 
empty word unless it implies real alter- 
natives among which there is some un- 
certainty about what one’s choice will 
be. If this is so, responsibility is cer- 
tainly one of the greatest enemies of 
freedom. The trouble is, however, that 
responsibility has its good features, too, 
so that everyone must arrive at some 
compromise between responsibility and 
freedom. 

Most of us would find it easier to 
spend six months here and a year there 
or to change jobs entirely if it weren't 
for our wives and children. Some men 
solve this problem by not marrying. 
Some leave their wives and children to 
shift for themselves, and thereby gain 
in freedom. 

Brain children, too, fetter some of us. 
The idea-a-day man is apt to be irre- 
sponsible concerning his ideas. He hopes, 
of course, that someone else will nur- 
ture them from bare existence into via- 
bility in a world of ruthless competition. 
Indeed, the chronic begetter of ideas 
may become angry when no one else 
gives his offspring the attention he is 
unwilling to lavish on them. 

More responsible researchers pick a 
promising idea and spend endless time 
and effort helping it to find its place in 
the world. Some, indeed, unwisely go so 
far as to want to monopolize the idea 
after it has become self-supporting and 
has found its way into the lives of others. 

Whenever we assume responsibility for 
an idea or a project, whenever we es- 
pouse it as our own, whenever we hold 
ourselves responsible for its fate, we have 
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lost a part of our freedom. However, such 
a loss is necessary if we are to accom- 
plish anything. 

Some people get themselves saddled 
with other sorts of responsibility. They 
have to decide or help decide who 
should be hired, who should be fired, 
how big a raise a man should get. They 
have to worry and fight about budgets, 
space, and rules and regulations. All this 
isn’t so bad, but what really takes their 
time is the work of others. 

I may be wrong, but I think that, by 
and large, research workers, even good 
ones, suffer more frequently from lack 
of help than from lack of freedom. It 
isn’t merely that they need help in cop- 
ing with nontechnical problems. They 
need help in choosing problems wisely, 
help in overcoming difficulties in their 
work, help in judging whether what 
they are doing is good or bad, help in 
getting rid of old projects which are 
really done, and help in getting into new 
things which will really be important 
and attractive. They also need not only 
encouragement for themselves but help 
in seeing that their work receives the 
recognition which it deserves. Only very 
rarely is a man completely self-sufficient. 
I know that I have benefited from and 
appreciated tremendously the ideas and 
help I have got from others. 

Responsibility, both responsibility with 
respect to our own life and ideas and 
responsibility with respect to the ideas 
and lives of others, is sure to cost us a 
great deal of our freedom. However, we 
just can’t get on without responsibility, 
and we must put up with the loss. We 
should, however, particularly realize that 
the more responsibility we assume for 
ourselves, the less anyone else has to or 
will assume for us. 

Another thing that we can’t do with- 
out is apparatus. Some ideas, some proj- 
ects call for lots of expensive equipment. 
If a man has acquired a large-scale ac- 
celerator, a big radio telescope, or a 
large-scale computer, or if he has set to 
work on a large-scale experimental sys- 
tem of some sort, he is not likely to walk 
out on it because an attractive idea in 
some other field occurs to him. If a sys- 
tems experiment is shackling him, he 
can abandon it if it is bad or complete 
it if it is good, but if he has an accelera- 
tor, a radio telescope, or a computer 
around his neck, he may be stuck in a 
field for life. This isn’t fatal, of course; 
he can direct his thoughts to the field 
in question and have and pursue ideas 
in that field only. But he has lost free- 
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dom in that there is little chance that 
he will actually do something else, how- 
ever much he may daydream about it. If 
he wants to recover his freedom, he can 
perhaps find a substitute, put him in 
charge, and leave him holding the bag. 


Specialization Has Its Drawbacks 


Another way we can lose freedom is 
through excessive and unwise specializa- 
tion, which can eventually leave us no 
alternatives to choose among. At any 
moment any man should be better able 
to cope with the problems he is currently 
working on than with others. However, 
the problems in a field can be made to 
last forever, but the real need for and 
value of research in a narrow field may 
dry up and vanish. Or, a man may be a 
fine pioneer in a field but may not be 
suited to do the refined and mathemati- 
cally difficult work which becomes nec- 
essary as time passes. Wisdom and good 
sense may dictate that he stop what he 
is doing and turn to something else. But 
he is scarcely free if he has lost the 
ability to do so. 

A man can lose the freedom to change 
his work by allowing himself to become 
intellectually incompetent to deal effec- 
tively with anything outside of his cur- 
rent narrow field of specialization, or he 
can lose this freedom of choice by be- 
coming so emotionally involved in his 
field that he cannot bear to leave it. He 
can also lose any real freedom of choice 
by convincing himself that he has some 
commercial and social stake in a field, 
a stake he cannot afford to lose; he can 
convince himself that he is valuable only 
because of his expert knowledge, or is 
looked up to only because of it. 

Still, just as we must have responsi- 
bility and apparatus, so too we must 
have some degree of specialization, even 
if this does cut into our freedom. There 
is one curtailer of freedom, however, 
with which I think we could well dis- 
pense. That is snobbishness. 

A college president once described to 
me a sort of pecking order of the sci- 
ences. According to him, the mathema- 
ticians look down on the physicists, the 
physicists on the chemists, the chemists 
on the biologists, and the biologists on 
the psychologists. 

One sure and utterly frivolous and de- 
structive way for a man to lose his 
freedom is for him to feel overwhelm- 
ingly impelled to choose his work, not 
on the basis of its suitability to his tal- 


ents, not on the basis of its interest to 
him, not on the basis of its urgency or 
importance, but rather on the basis of 
its status in the eyes of some person, 
group, society, journal, or what not. 
Finally, what might be called manage- 
ment (though it includes institutional 
policies of long standing as well as peo- 
ple) can affect the researcher’s freedom. 


On Changing Jobs 


Sometimes a research worker may not 
have adequate funds for travel or for 
telephone calls, or he may find it diffi- 
cult to get adequate apparatus or to get 
it promptly. These matters are fre- 
quently mentioned in connection with 
government laboratories. It is clear, how- 
ever, that in these days of competition 
for engineers and scientists, a good man 
doesn’t have to put up with such handi- 
caps. He can go elsewhere to escape 
them, and he will. 

Sometimes a man may feel that the 
scope of research in the institution where 
he works does not coincide with or in- 
clude his interests. While an exceptional 
man may drastically alter the place at 
which he works (and this is desirable 
from time to time), a good man gener- 
ally goes to a particular place because he 
is interested in the field and impressed 
by the quality of work done there. 

A single man, even a very competent 
one, is bound to have much more free- 
dom in changing his job than he is in 
changing what his associates are doing. 
This doesn’t mean that he shouldn’t try 
the latter, but a broad change in the 
nature or direction of the work of an 
institution involves other people’s free- 
dom as well as his own. 

Finally, there can be a very real per- 
sonal threat to a man’s freedom; the 
tyranny of a boss. For résearch, it is ab- 
solutely essential that a man work on 
problems that he believes to be good 
problems for him and that he tackle 
them in a way in which he has confi- 
dence. We have noted that a man doesn’t 
necessarily have to invent the problem 
or the general approach toward its solu- 
tion himself. 

Further, it is essential that if he does 
have a good idea, he should feel free to 
explore it (we have seen that he will not 
necessarily do so). He must further be 
convinced that his colleagues, including 
colleagues who may be bosses, welcome 
new ideas and are anxious to see them 
pursued and exploited. A free—indeed, 
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a cutthroat—competition among ideas is 
essential to research. It seems to me that 
a researcher should have no freedom to 
make other able people work on his ideas 
rather than on their own, beyond what 
he can make them want to do through 
persuasion based on the merits of his 
ideas. 

Fortunately, today good people don’t 
have to work under any other condi- 
tions. There is tremendous competition 
for good workers with good ideas. A man 
who really suffers from the tyranny of 
the boss can go to some other depart- 
ment or to some other company. And, 


if a boss is so tyrannous that good men 
leave him, he won’t last forever. 

Still, men do complain about the 
tyranny of jobs and bosses. It is my ob- 
servation that these are seldom the best 
men. In fact, often they are men who 
have amply demonstrated their inability 
to do research when left completely to 
themselves, and sometimes they are men 
who should not try to do research under 
any circumstances. 

Clearly, freedom is vitally important 
to research, but other somewhat incon- 
sistent things are important, too. Re- 
sponsibilities of one sort or another keep 


Stratospheric Carbon-14, 


Carbon Dioxide, and Tritium 


The program of high-altitude balloon sampling 
reveals new information about the stratosphere. 


French Hagemann, James Gray, Jr., 
Lester Machta, Anthony Turkevich 


This article reports the results of meas- 
urements made in recent years of the 
carbon-14, carbon dioxide, and tritium 
in the stratosphere. The purpose of the 
measurements was to obtain information 
on the stratospheric concentrations of 
carbon-14 and tritium produced by the 
explosion of nuclear devices and to study 
the changes in these concentrations with 
time. Such data can be expected to fur- 
nish new insight into the circulation of 
the stratosphere, as well as to contribute 
to the evaluation of the hazards from 
nuclear explosions in the atmosphere. 

The sampling program for carbon-14 
was started in late 1953 at Minneapolis, 
Minn., and extended in 1955 to three 
other locations in the Western Hemis- 
phere: San Angelo, Tex.; Canal Zone, 
Panama; and Sao Paulo, Brazil. The 
Minneapolis collection was shifted in 
June 1958 to Sioux City, Iowa. Carbon- 
14 was determined by measuring the 
specific activity of the carbon dioxide 
from air collected at altitudes between 
45,000 and about 100,000 feet. Air sam- 
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ples were collected on a monthly sched- 
ule at four altitudes at each location 
unless operational difficulties prevented 
collection. The tritium measurements 
were performed only on samples col- 
lected at Minneapolis, primarily in the 
period 1957-58. 

This article presents all of the signifi- 
cant original data and discusses the ex- 
perimental errors which lead to correc- 
tion of some of the values and rejection 
of others. Many of the technical details 
are omitted (J). 


Sampling System 


Basic equipment. A balloon-borne sys- 
tem was developed by General Mills (2) 
to collect samples of whole air from the 
stratosphere. The collection system (Figs. 
1 and 2) consisted of four major com- 
ponents: a lift balloon, a collection bag, 
an armored vessel, and a control unit. 

The lift balloon was a nonextensible 
plastic film (2-mil polyethylene) balloon 





us from following up every idea or in- 
clination we have. Apparatus ties us 
down. Concentration on one subject 
lessens our ability to tackle another. 
Then too, we may lose our freedom 
foolishly. Snobbishness may dictate our 
course of action. Or we may work in 
a poor environment, inadequately pro- 
vided for, or with a tyrannous boss to 
browbeat us. But, in this day and age 
we are foolish if we put up with such 
things, unless we really aren’t good 
enough to find another environment— 
or unless conditions aren’t as bad as we 
think they are after all. 


of the “Skyhook” type. When the lift 
balloon reached its full size, excess 
helium was vented through a duct sys- 
tem so that the balloon would float at a 
predetermined altitude during the collec- 
tion period. After collection of the sam- 
ple, an electrically operated trap-door- 
type valve in the duct released the exact 
amount of lift gas necessary to insure a 
controlled, safe descent of the system. 
A parachute was suspended directly be- 
neath the balloon to help smooth the 
rate of descent and to prevent free fall 
of the equipment in case of failure of the 
balloon. 

The collection bag was a large balloon 
fabricated of the same material as the 
lift balloon. Two sizes of bags were 
used, depending on the collection alti- 
tude: a bag 47.5 feet in diameter was 
used at altitudes above 80,000 feet, and 
a bag 34.6 feet in diameter was used at 
lower altitudes. A collection blower of 
the centrifugal type, powered by a 24- 
volt direct-current motor, was located 
below the collection bag. 

When measurements were to be made 
of tritium, a measured amount of deu- 
terium tracer, in the form of heavy 
water, was introduced into the collec- 
tion bag at the time of sampling. To 
accomplish this, a dispenser containing 
the tracer was located between the 
blower and the collection bag. The dis- 
penser was kept at a constant tempera- 
ture of 95°C. A fine orifice in the dis- 
penser was opened during the time the 
blower was in operation so that the 
water vapor was introduced uniformly 
throughout the collection period, The 
amount of tracer introduced, 2 to 5 
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grams, was determined by weighing the 
dispenser before and after collection of 
the sample. 

The final airborne sample container 
was a 1400-cubic-foot armored vessel to 
which the air sample was transferred 
from the collection bag during descent. 
It was constructed in three layers to pre- 
vent loss of the sample upon impact with 
the ground. The inner liner, of gas-tight 
4-mil polyethylene, was covered with a 
nylon fabric for protection against the 
heavy, coarse canvas “armor” of the 
outer bag. An axial flow blower was used 
to transfer the air from the collection 
bag to the armored vessel. 

The control unit consisted of a power 
supply, master control unit, and baro- 
graph, all housed in a large, insulated, 
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red bag. An upward-viewing sequence 
camera suspended below the control unit 
provided a record of the expansion of 
the lift balloon and the deployment of 
the collection bag. 

Collection procedure. The following 
sequence of events took place in a typi- 
cal sample collection operation. The sys- 
tem was launched and rose to its float- 
ing altitude. The intake trap-door valves 
on the collection blower were opened, 
and the blower was turned on for the 
predetermined time required to fill the 
collection After the collection 
blower was turned off, a trap-door valve 
was closed, sealing the sample in the 
collection bag. The collection time var- 
ied from about ¥2 to 114 hours, resulting 
in a sample of about 2000 standard cubic 


bag. 


feet of air. A spring-loaded valve on the 
balloon then opened, allowing helium to 
escape, and the system began its descent. 
At approximately 33,000 feet, about 500 
standard cubic feet of the 2000 cubic 
feet of air collected were transferred 
from the bag to the armored vessel. A 
barometric control automatically shut off 
the transfer fan when the 3000-foot level 
was reached. 

During these operations a recovery 
crew tracked the course of the flight 
visually and with the aid of signals gen- 
erated by a small radio transmitter 
included in the balloon train. The recov- 
ery crew proceeded by truck to the im- 
pact site and transferred the air sample 
with a four-stage compressor from the 
armored vessel to high-pressure cylin- 





Fig. 1 (Left). Balloon train used in the collection of the stratospheric radiocarbon, carbon dioxide, and tritium samples. Fig. 2 (Right). 
Photograph of balloon train. See Fig. 1 for identification of visible parts of the train. The view shown is during descent, and the large 
collection bag has not yet transferred its air to the armored bag which hangs limply above it. The larger package at the boxtom of 
the train is the filter apparatus which collects particulate stratospheric radioactivity. It is the size and shape of an ash can. 
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ders for shipment to the laboratory and 
subsequent processing and measure- 
ment. 

Carbon dioxide was removed from 
some of the air samples, prior to their 
entering the compressor, with a trap re- 
frigerated with liquid nitrogen. When a 
tritium analysis was to be made, a por- 
tion of the water vapor was frozen out 
of the air in a similar manner. 


Carbon Dioxide 


Advantage was taken of the availabil- 
ity of stratospheric air collected in this 
program to measure the concentration 
of carbon dioxide at high altitudes. A 
series of special small samples for this 
purpose were taken directly from the 
armored vessel to avoid possible altera- 
tion of the composition of the air in 
passage through the compressor and stor- 
age in the high-pressure cylinders. These 
samples were collected in small (1.7 
liter ) tanks, previously 
evacuated to a pressure of less than 1078 
mm-Hg in the laboratory. Aliquots of 
the air samples were taken near the start 
and end of the transfer from the arm- 
ored vessel to the cylinders. Such sam- 
ples were obtained at each of the four 
collection stations during the summer 
and fall of 1956. 

The carbon dioxide concentration was 
determined by pumping a measured 
amount (500 to 1000 cm®) of air, pre- 
viously dried by passage through anhy- 
drone, through a capillary trap cooled 
with liquid nitrogen. The separated car- 
bon dioxide was distilled from a - 80°C 
bath into a second trap cooled with 
liquid nitrogen, which was part of a 
capillary system of calibrated volume. 
The carbon dioxide was allowed to warm 
and expand, and the pressure was meas- 
ured with a constant-volume capillary 
manometer. At least two replicates were 
run on each sample. The standard error 
of a single determination was estimated 
to be 0.5 percent, based upon observed 
recoveries from carbon dioxide-free air 
to which measured volumes of carbon 
dioxide had been added. 

A similar series of direct air samples 
had been collected earlier at Minne- 
apolis during the winter of 1954. In this 
case single aliquots were taken in glass 
flasks fitted with stopcocks. The method 
for determining carbon dioxide was simi- 
lar to that described above, but with an 
estimated standard error of 1.0 percent. 

The results of the measurements of 
the stratospheric concentrations of car- 
bon dioxide are shown in Table 1. The 


stainless-steel 
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table indicates no significant difference 
in the values obtained at Minneapolis in 
1954 and in 1956. The agreement be- 
tween the duplicate samples collected in 
1956, with a few exceptions, is good. 
The samples collected at the start of 
transfer operations at Minneapolis on 1 
August 1956 and at the Canal Zone on 
1 August and 4 October 1956 gave val- 
ues differing widely from samples col- 
lected at the end of the transfer and 
from the average. These values can be 
ignored as being nonrepresentative. The 
average value at Minneapolis for all 
altitudes studied is 312 ppm; at San 
Angelo, 310 ppm; at the Canal Zone, 
312 ppm; and at Sao Paulo, 310 ppm. 
The average at about 50,000 feet for all 
locations is 311 ppm; at about 65,000 
feet, 310 ppm; at about 80,000 feet, 313 
ppm; and at about 90,000 feet, 310 ppm. 
The average concentration of carbon 
dioxide at all locations at altitudes of 
about 50,000 feet or greater is 311 ppm 
with an average deviation of less than 
1 percent and a range of +2 percent. 
This value is in close agreement with re- 
cent determinations of the concentration 
and variability of carbon dioxide in the 
troposphere (3). 


Table 1. Stratospheric 
carbon dioxide. 


concentration of 


co, 
Collection Altitude concen- 
date (108 ft) tration 
(ppm) 
Minneapolis, Minn. 
19 Oct. 1954 50 318 
4 Nov. 1054 50 316 
4 Dec. 1954 51 311 
27 Dec. 1954 61 308 
10 Jan. 1955 60 309 
23 Jan. 1955 60 308 
15 Oct. 1954 64 315 
27 Oct. 1954 66 312 
2 Nov. 1954 66 309 
19 Dec. 1954 65 310 
29 Dec. 1954 66 308 
27 Dec. 1954 71 308 
6 Jan. 1955 73 310 
20 Oct. 1954 79 317 
30 Nov. 1954 79 316 
6 Dec. 1954 79 311 
Start End 
2 Oct. 1956 52 308 309 
12 Sept. 1956 65 307 310 
1 Aug. 1956 71-61 337 309 
16 May 1956 83 309 310 
13 Aug. 1956 80 311 323 
30 Aug. 1956 90 319 315 
San Angelo, Tex. 
6 Aug. 1956 47 308 312 
7 Aug. 1956 65 307 309 
16 Oct. 1956 79 312 310 
25 Aug. 1956 94 309 309 
Canal Zone 
7 Aug. 1956 54 319 314 
1 Aug. 1956 67 258 314 
21 Oct. 1956 87-83 312 318 
4 Oct. 1956 97-90 346 304 
Sao Paulo, Brazil 
18 Aug. 1956 50 309 309 
29 Aug. 1956 68-65 309 307 
17 Aug. 1956 82-80 315 309 
16 Aug. 1956 


92-90 311 311 








Carbon-14 


Sample processing and measurement 
(4). The initial separation of carbon 
dioxide from the compressed air samples | 
was accomplished by standard freeze-out 
techniques. In those cases in which 
freeze-out traps were used in the field, | 
the traps were closed with valves and 
the separated carbon dioxide was shipped 
to the laboratory. 

The separated carbon dioxide was 
purified for counting by the following 
procedure: (i) freezing and pumping at 
— 196°C; (ii) reaction with CaO at 700° 
to 750°C to form CaCO,; (iii) pump- 
ing the CaCO, to a high vacuum at 
450°C; (iv) liberating the CO, by heat- 
ing the CaCO, to 900°C; (v) freezing 





and pumping again at — 196°C. 

The radiocarbon was measured in pro- 
portional counters, the purified carbon 
dioxide being used as the counter fill. 
Considering the large number of samples 
to be measured, a sample size in the 
range of 1 to 2 liters of carbon dioxide 
was chosen as the best compromise be- 
tween the convenience of sample prepa- 
ration and the accuracy of the measure- 
ment. 

The counters, 3 inches in diameter 
and 25 inches long, were constructed of 
stainless steel with a 1-mil stainless steel 
anode center wire; they had a sensitive 
volume of about 2.2 liters. When sur- 
rounded by a ring of anticoincidence 
Geiger counters and 12 inches of steel 
shielding, the counters, filled with 1 atm 
of inert carbon dioxide, had backgrounds 
of about 17 count/min. 

As a routine procedure each gas sam- 
ple was measured in at least two coun- 
ters at pressures in the range of 30 to 
76 cm-Hg. Each sample was usually 
counted for a period long enough to as- 
sure a statistical uncertainty of no more 
than 1 percent in the radiocarbon activ- 
ity. The sensitivity of the counters was 
set at about 0.9 kev, using the mono- 
energetic x-rays from an Fe®® source as 
an internal energy standard. The num- 
ber of undetected beta particles possess- 
ing less than 0.9 kev of energy was esti- 
mated to be less than 0.5 percent and 
was neglected, The end effect losses were 
experimentally determined, and_ the 
measurements were corrected appropri- 
ately. Although no direct experimental 
measurements were made, the wall losses 
were estimated to be no greater than 
about 1 percent, and the correction was 
neglected. 

Results and errors. The results of the 
stratospheric carbon-14 measurements 
are listed in Table 2. The estimated 
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errors in the altitudes shown in column 
2 are +2500 feet for altitudes below 
about 70,000 feet and +5000 feet for 
the higher altitudes. When the collection 
occurred over a larger range of altitude 
than 1000 feet, the actual range is shown. 
All samples were stratospheric except 
those marked with the letter T, which 
were definitely tropospheric, and those 
marked U, which could not be definitely 
assigned to the stratosphere. In column 
3, the measured carbon-14 specific ac- 
tivities are given in units of disintegra- 
tions per minute per gram of carbon. The 
measurement errors of the unmarked 
values are estimated to be +3 percent 
or less; of those marked with an asterisk, 
in the range +3 to 5 percent; and of 
those marked with a dagger, in the range 


of +5 to 10 percent. Values marked with 
the letter F were obtained from samples 
collected by a freeze-out trap in the 
field. 

In a majority of samples the concen- 
tration of carbon dioxide was deter- 
mined on aliquots of the compressed air, 
and the results are shown in column 4. 
Examination of these measured concen- 
trations shows that about 60 percent of 
the values are between 295 and 327 
ppm. About 17 percent of the values 
are higher than 389 ppm and only 0.5 
percent are lower than 295 ppm. Com- 
parison of the more than 50 cases where 
carbon-14 measurements were made for 
the same sample upon both field cold- 
trap-separated carbon dioxide and car- 
bon dioxide separated from the com- 


pressed air showed that the specific 
activities of the field-trapped samples 
averaged about 10 percent higher than 
those of the compressed samples. These 
observations lead to the conclusion that 
inert carbon dioxide was introduced dur- 
ing the transfer of the air sample from 
the collection bag to the cylinder. In 
view of these considerations the meas- 
ured specific activities were corrected 
somewhat arbitrarily as follows: 

1) When both field trap and com- 
pressed air values were measured, the 
higher value of the specific activity, 
usually that of the trap sample, was 
chosen. 

2) No correction was made when the 
measured concentration was 
295 and 327 ppm. 


between 


Table 2. Stratospheric concentration of carbon-14. In column 2, the letter T indicates that the sample was definitely collected in the 
troposphere. The letter U indicates uncertainty whether the sample was collected in the stratosphere or troposphere. Unmarked values 
indicate that the sample was collected in the stratosphere. In column 3, an asterisk indicates a measurement error of 3 to 5 percent, a 
dagger a measurement error of 5 to 10 percent. Unmarked values have measurement errors less than 3 percent. Values marked with 
the letter F indicate that carbon dioxide was separated in the field with a freeze-out trap. A carbon half-life of 5600 years and a concen- 
tration of carbon dioxide of 311 ppm were used to calculate the values given in column 5. After correction for variation in CO2 concen- 
tration (see text) a natural background of 71 x 10° atoms per gram of air was subtracted to give excess carbon-14. 
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Minneapolis, Minn, (lat. 45° N) 16 Mar. 59U 20.8 53 29 Feb. 50 16.1;F 17 
1953 28 Mar. 70 73.5 368 8 Mar. 48 23.4F 57 
24 Sept. 81 16.8* 29 2 Apr. 60U 22.2 62 16 Mar. 66 35.4 312 123 
9 Oct. 82 17.8 36 7 Apr. 50 23.5 70 26 Mar 94 59.64+F 255 
5 Nov. 82 26.87 89 25 Apr. 70 30.0} 108 30 Mar 83 70.9F 317 
12 Nov. 64 22.1* 61 25 Apr. 78 41.9 180 9 Apr. 95 40.5 313 151 
17 Dec. 53 16.1} 25 6 May 49-47U 13.2+ 7 10 Apr. 68 37.8 306 §=136 
23 Dec. 64 15.1* 19 11 May 77 56.9 269 30 Apr. 49 18.6 393 
18 May 76 68.6 339 7 May 66 36.8 307 131 
1954 20 May 70 61.4 295 16 May 83 53.1 240 220 
28 Jan. 80 23.9* 72 14 June 61-58 26.7 88 21 May 49 17.2 352 37 
28 Jan. 52 15.0* 18 15 June 76 62.8 304 27 May 92 58.0 326 =247 
28 Jan. 65 19.5* 46 23 June 71 61.2 294 5 June 80 51.4 296=—s 211 
6 Feb 68-66 21.8 59 7 July 50 14.5* 15 8 June 65 14.0+ 314 6 
16 Feb. 79 30.8 113 18 July 76 70.4 350 11 June 94 52.0 308 86214 
22 Feb. 47 13.3* 9 20 July 59 17.8 36 19 June 54 16.4 593 
22 June 98 27.6* 94 8 Aug. 68 43.4 188 21 June 68 14.2* 316 7 
8 July 82 28.6 100 10 Aug. 60 17.6 34 21 June 88 48.9 339 =. 222 
10 Sept. 49 16.1* 25 11 Aug. 78 42.1F 160 24 June 80 41.9 326 =—s:159 
22 Sept. 79 36.8 149 1 Sept. 57 25.4 81 2 July 80 41.8 282 158 
15 Oct. 64 42.2 181 7 Sept. 65 32.6 124 6 July 65 39.4 307 145 
19 Oct. 50 14.3* 14 23 Sept. 77 71.7F 322 12 July 50 17.5 325 25 
20 Oct. 79 27.3* 93 24 Sept. 59 24.7 76 16 July 90 38.1 443 
27 Oct. 66 46.9* 209 28 Sept. 48U 15.8* 24 1 Aug 71-61 28.3 573 
2 Nov. 66 52.0 240 10 Oct. 80 55.3F 232 5 Aug. 50 15.8 595 
8 Nov. 67 28.4 99 13 Oct. 58 31.5 118 13 Aug. 80 43.1 412 
22 Nov. 95 36.1 145 18 Oct. 80 56.1F 236 30 Aug. 90 63.5F 277 
22 Nov. 66 33.7 131 21 Oct. 48U 13.7" 331 9 12 Sept 65 31.9 305 3104 
30 Nov. 79 104.6 554 26 Oct. 69 35.4*F 123 14 Sept 90 54.8 349 =. 265 
4 Dec. 51 13.5* 10 28 Nov. 50 18.7*F 31 18 Sept 80 46.6 289s «184 
6 Dec. 79 122.2 658 30 Nov. 59 48.6*F 195 23 Sept 50U 18.3 282 29 
10 Dec. 65 34.1 133 30 Nov. 69 31.4} 116 2 Oct 52U 25.9 354 91 
19 Dec. 65 47.6 213 5 Dec. 70 37.6F 135 12 Oct 66 32.6 312 108 
27 Dec. 61 31.8 128 6 Dec. 48 18.9¢F 33 16 Oct 84 55.6 336 =. 259 
27 Dec. 71 79.3* 402 9 Dec. 56U 31.6 118 19 Nov 80 52.4 395 
29 Dec. 66 50.0 228 9 Dec. 69 33.8 131 23 Nov. 66 12.8 314 -1 
12 Dec. 49 17.1 316 23 27 Nov 48 13.3 331 
1955 21 Dec. 83 54.6F 228 13 Dec 52U 31.8 328 = «118 
6 Jan 49U 27.5* 94 20 Dec 83 39.6 408 
6 Jan. 73 68.7 339 1956 
29 Jan. 66 30.8 113 4 Jan. 59 24.5F 63 1957 
30 Jan. 80 56.5 267 12 Jan. 50 25.4F 68 10 Jan 67 69.0 311 307 
8 Feb. 71-68 66.4 326 13 Jan. 82 51.0*F 208 29 Jan. 90-85 65.1 324 286 
8 Feb. 65 38.3 158 19 Jan. 70 55.2+F 231 6 Feb. 50U 14.9 529 
14 Feb. 59 29.0 102 30 Jan. 59U 32.0 120 13 Feb. 82 63.3 308 8274 
1 Mar. 66 60.6 291 7 Feb. 68 45.6 323 179 19 Feb. 67 57.5 322 244 
2 Mar 49U 15.1* 19 18 Feb. 81 67.3 294 298 9 Mar. 68 59.4 356 300 
9 Mar. 92 23.0 66 27 Feb. 91 85.1F 395 17 Mar. 47 29.5 351 112 
16 Mar. 77 67.8 333 28 Feb. 52 23.5 306 58 30 Mar 83 47.1 341 9212 
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Collec- 
tion 
date 


10 Apr. 
14 Apr. 
15 Apr. 
25 Apr. 
27 May 
28 May 
29 May 
19 June 
20 June 
27 June 
11 July 
11 July 
15 July 
19 July 
23 July 
2 Aug. 
10 Aug. 
16 Aug. 
22 Aug. 
24 Aug. 
4 Sept. 
6 Sept. 
25 Sept. 
2 Oct. 
2 Oct. 
26 Oct. 
29 Oct. 
5 Nov. 
7 Nov. 
25 Nov. 
26 Nov. 
30 Nov. 
4 Dec. 
12 Dec. 
19 Dec. 
21 Dec. 


1958 
8 Jan. 
10 Jan. 
22 Jan. 
31 Jan. 
5 Feb. 
7 Feb. 
13 Feb. 
20 Feb 
6 Mar. 
12 Mar. 
25 Mar. 
26 Mar. 
7 Apr. 
8 Apr. 
9 Apr. 
16 Apr. 
9 May 
12 May 
15 May 
6 June 
7 June 
11 June 
17 June 
20 June 


1955 
22 Mar. 
24 Mar. 
29 Mar. 
30 Mar. 
5 Apr. 
8 Apr. 
14 Apr. 
21 Apr. 
25 Apr. 
13 May 
14 May 
16 May 
17 May 
23 June 
5 July 
12 July 
2 Aug. 
3 Aug. 
7 Aug. 
10 Aug. 
8 Sept. 
9 Sept. 
27 Sept. 
28 Sept. 


546 








Observed 
specific Meas-_ Ex- 
: activity ured cess 
Alti- (disinte: co, Cid 
cate gration/ Con” seed 
(168 ft) min per centra- atom/ 
g of tion g of 
carbon) (PP™) air) 
84 43.4 322 167 
67 55.5 460 
8 28.0F 82 
48U 26.4F 74 
63 28.1 392 
49 16.2*F 18 
73 46.9 308 186 
91 37.2 365 169 
76 50.4F 205 
50 24.1F 61 
50 15.4 13 
62 33.7F 356 141 
77 57.2F 242 
85-82 48.5 363 =. 240 
65 32.5 348 128 
49U 11.3* 370 3 
90 38.6 376 =: 183 
71 59.2F 253 
82 50.3F 205 
65 53.9F 224 
46 16.2 334 27 
77 47.1 407 
89 58.0F 247 
79 46.5 316 184 
49 16.6 342 29 
65 62.8*F 273 
90 50.1F 203 
91 47.9 214 
108-105 41.6 333 173 
79 50.7 oni 207 
50 16.7 326 20 
64 51.1F 209 
47 21.0F $4 
81 49.4F 200 
88 51.5F 211 
64 45.1F 176 
48U 15.2 328 17 
64 47.1F 187 
78 49.1F 198 
92 40.2 369 190 
90-88 49.8 328 839-217 
77 51.3F 210 
46 25.5 353 88 
64 44.9*F 175 
47 19.1 43 
64 38.9 340 162 
81 42.4F 161 
93 41.1 341 176 
90 44.6 195 
78 47.1F 187 
47 33.6F 113 
65 48.5+F 195 
91 45.2F 177 
48 23.2F 56 
78 38.8F 142 
91 28.9 202 
62 49.8+F 101 
47U 25.3F 68 
77 47.8F 191 
61 40.9F 153 
San Angelo, Tex. (lat. 32° N) 
50U 15.9 21 
62 26.8 85 
71 70.7 339 
74 64.4 303 
62 25.7 78 
72 50.8 224 
78 68.5 327 
53-51 15.1 17 
71 41.7 171 
70 42.8* 177 
53-50U 16.6 25 
79 72.6 350 
63 20.4 48 
71 44.8 189 
77 48.7 212 
61 20.2 47 
53-51 14.9} 16 
70 31.1 109 
59 20.7 49 
78 40.1 162 
71 28.8 96 
60 17.2* 29 
77 40.6 164 
93 62.2 290 








Observed 
specific 
— os (disinte- 
tion tude 4 
date (108 ft) Seton 
g of 
carbon) 
29 Sept. 93 62.7 
19 Oct. 71 21.3 
25 Oct. 60 20.4 
3 Nov. 83-80 42.7 
4 Nov. 71 54.1 
9 Nov. 50 20.8 
21 Nov. 62 20.1 
25 Nov. 81 ae" 
4 Dec. 51 | 
7 Dec. 62 25.3 
10 Dec. 82 48.2 
12 Dec. 72 37.7 
1956 
25 Jan. 50U 15.2 
6 Feb. 84 56.1 
20 Feb. 66 29.7 
8 Mar. 69 12.5* 
16 Mar. 83 63.2 
22 Mar. 50 15.7 
23 Mar. 98 69.8 
4 Apr. 95 69.6 
14 May 52-51 13.2 
16 May 68-63 40.7 
17 May 84 58.1 
8 June 50U 15.7} 
18 June 65 28.9 
19 June 81 50.7 
6 July 52 16.0 
8 July 83 44.5 
18 July 66 28.3 
22 July 3 51.8 
6 Aug. 47T 14.4 
7 Aug. 65 38.1 
9 Aug. 84 41.5 
11 Aug. 94 57.8 
25 Aug. 94 52.2 
5 Sept. 80 48.1 
7 Sept. 94 23.6 
8 Sept. 50T 14.2 
11 Sept. 65 27.1 
5 Oct. 96 44.8 
11 Oct. 65 32.1 
16 Oct. 79 34.2 
22 Oct. 47T 13.3 
6 Nov. 94 53.6 
13 Nov. 66 38.2 
16 Nov. 44 13.4* 
17 Nov. 77 S1,7 
15 Dec. 63 40.5 
17 Dec. 95 52.6 
1957 
12 Jan. 100 44.7 
17 Jan. 67 42.8 
1 Feb. 97 42.5 
10 Feb. 80 69.7 
25 Feb. 67-65 30.6 
7 Mar. 96 46.4 
12 Mar. 81 68.7 
18 Mar. 50 13.9* 
23 Apr. 81 51.2 
29 Apr. 66 52.9 
2 May 82 65.5 
3 May 66 43.4 
19 May 89-87 45.0 
21 May 49U 13.8* 
6 June 91 49.5 
10 June 67 44.2 
12 June 48U 15.7* 
19 June 82 57.4 
7 July 88 56.7 
9 July 67 36.3 
11 July 85-78 55.9 
13 July 48 14.0 
6 Aug. 65 37.7 
7 Aug. 91 38.2 
9 Aug. 82-78 58.4 
20 Aug. 50 14.8 
4 Sept. 90 53.2 
6 Sept. 81 40.1 
11 Sept. 65 24.4 
13 Sept. 49 13.7 
1 Oct. 50 10.1* 
3 Oct. 91 27.7 
4 Oct. 83 54.1 
5 Oct. 65 24.4 
2 Nov. 90 Oied 
14 Nov. 48 19. 


331 


312 
325 
310 
303 
316 
291 
311 
336 
320 


405 


480 
1880 
690 
312 
312 
329 
298 
500 
307 


427 
381 
308 
304 
348 
338 
340 
411 
340 
321 
310 
294 
243 
301 
311 
296 
326 
343 
392 
306 
296 
302 


483 
308 


333 
306 
383 
376 
402 
475 
323 
337 
311 
309 


266 
231 

26 
224 


223 
138 


212 
217 


216 


235 


241 
149 


26 


225 


245 
36 








Observed 





odie el cam 
Collec- —Alti- (disintee CO, 
A inte- 2 
tion tude gration / con- (105 
date (10° ft) min per centra- atom/ 
g of tion g of t 
carbon) (ppm) air) 
20 Nov. 84 39.6 309 =: 146 { 
26 Nov. 66 46.9 310 = 186 
2 Dec. 82-80 54.3 313-226 
4 Dec. 49T 13.2 306 1 
7 Dec. 90 55.4 315 232 
10 Dec. 67 40.0 320 =148 
1958 
7 Jan. 81-79 55.6 252 
8 Jan. 90 46.5 348 39.214 
9 Jan. 50 15.5 349 24 
15 Jan. 62 42.7 331 178 
1 Feb. 50U 13.5* 324 3 
2 Feb. 92 49.2 330.0 215 
7 Feb. 65 40.5 309-151 
15 Feb. 80 49.7 313. 201 
3 Mar. 92 43.0* 311 165 
7 Mar. 80 49.4 314 ~=.200 
9 Mar. 67 41.7 308 = 157 
10 Mar. 51U 19.2 309 34 
1 Apr. 92 42.3 317 161 
3 Apr. 65 28.9 315 87 
7 Apr. 82 47.6 313-190 
8 Apr. 49 14.8 318 10 
3 May 48U 20.2* 318 40 
4 May 66 36.5 317 129 
7 May 92 45.7 312 179 
10 May 49 26.0 314 71 
19 May 81 53.3F 221 
3 June 81 47.2 204 
5 June 89 43.6F 168 
7 June 65 47.2 204 
8 June 52U 13.5+F 3 
2 July 82 46.7F 185 
3 July 67 41.3F 155 
12 July 50U 24.0F 60 
18 July 89 45.3 192 
1 Aug. 50U 16.8* 27 
2 Aug. 92 44.7 189 
3 Aug. 66 38.8 155 
5 Aug. 81 52.7F 218 
1 Sept. 90 47.4F 189 
3 Sept. 80 49.2F 199 
4 Sept. 51U 17.7F 26 
9 Sept. 66 38.0F 137 
Canal Zone, Panama (lat. 9° N) 
1955 
30 Mar. 75 29.7 112 
31 Mar 50-48T 12.3* 4 
11 May 69 21.5 61 
12 May 63 12.1* 3 
27 May 79 40.3 177 
11 June 51U 13.4} 11 
13 June 61 13.1 10 
29 June 79 36.3 152 
30 June 70-69 19.2 47 
7 July 7 32.5 127 
18 July 8 14.0 15 
28 July 62 14.0* 15 
30 July 70 13.7} 13 
6 Aug 77 27.5 98 
9 Aug. 60 17.8 39 
26 Aug. 52 13.4 11 
10 Sept. 77 16.6* 31 
13 Sept. 70 12.9* 9 
22 Sept. 94-91 46.5 215 
18 Oct. 92-89 44.2 200 
28 Oct. 77 26.3 90 
30 Oct. 61 14.9* 21 
2 Dec. 83 26.1 317 72 
11 Dec. 51T 3.2+ 1500 
14 Dec. 71 18.2 367 47 
1956 
20 Jan. 50T 5 3360-5 
21 Jan. 62 15.4 325 13 
12 Feb. 62 18.6 325 31 
3 Mar. 52T 12.0* 321 -5 
4 Mar. 71 41.7* 355 2 
14 Mar. 51 ii.7* 345 0 
28 Mar. 80 22.3 309 51 
4 Apr. 52T 11.2 341 -4 
5 Apr. 68 19.7 317 37 
9 Apr. 82 18.0 309 28 
10 Apr. 93 20.7 307 42 
6 May 50T igs 368 8 
15 May 81 17.8 396 
22 May 61 16.6 422 
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Observed 





reac Mea x 
Collec- Alti- (c rowed co, ci 
tion tude * con- (105 
date (10° ft) — centra- atom/ 
min per : : 
g of tion g of 
carbon) (ppm) air) 
1 June 51U 12.5* 351 6 
11 June 66 16.7 439 
15 June 82-80 19.2 716 
6 July 55 11.2+ 365 1 
7 July 67 23.4 326 57 
1 Aug. 67 32.7 336 =: 122 
7 Aug. 54T 12.2* 301 -4 
4 Sept. 52 12.7* 329 3 
6 Sept. 69-66 91.3 343 480 
4 Oct. 97-90 27.5 534 
15 Oct. 67 37.1 381 178 
16 Oct. 54 11.0} 338 -6 
21 Oct. 87-83 33.5 295 122 
1 Nov. 51T 11.9* 348 
1 Nov. 70 50.4 321 205 
19 Nov. 92 29.2 350 109 
27 Nov. 81-79 34.7 330 131 
1 Dec. 52T 10.7* 382 1 
4 Dec. 93-88 29.8 359 =—-:117 
10 Dec. 67 24.1 372 87 
1957 
20 Feb. 84-82 47.5 361 = 231 
21 Feb. 51T 11.3* 352 -1 
22 Feb. 66 17.7 343 36 
1 Mar. 77 28.2 552 
3 Mar. 65 12.3+ 377 10 
4 Mar. 47T 3.9+ 459 
7 Mar. 91-87 29.1 341 103 
4 Apr. 82 57.1 388 319 
11 Apr. 66-64 15.3* 296 13 
13 Apr. 50T 10.3* 374-4 
4 May 65 10.9 351 -3 
7 May 49T 9.5 353-12 
10 May 78 43.6 316 =: 167 
22 May 65 11.2+ 378 | 
7 June 81-79 47.3 361 230 
9 June 65 22.4 309 52 
1 July 49U 12.5* 355 7 
14 July 67 26.6 321 75 
19 Aug. 66 23.2 368 79 
20 Aug. 50U 13.2 424 
20 Sept. 65 21.6 327 47 
8 Oct. 89 48.4 324 194 
21 Oct. 49T 12.9 322 0 
23 Oct. 67 20.4 312 40 
30 Oct. 80 29.4 321 90 
1 Nov. 82 29.7 534 
3 Nov. 89 27.1 324 77 
5 Nov. 52T 13.2 319 1 
6 Nov. 66 24.1 319 61 
1 Dec. 46T 12.2 319 -4 
2 Dec. 90-88 31.0* $63. 127 
4 Dec. 66 20.9 396 
15 Dec. 78-76 27.9 323 81 
1958 
2 Jan. 51T 10.8} 334 -8 
5 Jan. 81 28.1 381 118 
13 Jan. 92 37.0 338 140 
15 Jan. 65 40.2 348 145 
5 Feb. 67 26.2 327 73 
10 Feb. 82 30.7 327 97 
16Feb. ~ 93 18.9 515 
4 Mar. 92 30.3 347 114 
8 Mar. 50T 12.3+ 347 + 
1 Apr. 94 39.9 358 ~=—-:181 
3 Apr. 52T 13.1* 401 
4 Apr. 81 37.6 369 173 
14 Apr. 65 10.0} 512 
1 May 65 22.9 322 54 
2 May 51T 14.6 348 19 
4 May 85 33.2 334 = 124 
9 May 80 42.2 $37. 179 
2 June 65 24.4 328 70 
6 June 81 45.7 380 234 
8 July 61 44.9 $32 192 
14 July 51U 11.3* 459 
1 Aug. 65 183.3 $13 933 
6 Aug. 51T 15.6 244 14 
3 Sept. 65 64.6F 283 
8 Sept. 52 14.3 16 
Sao Paulo, Brazil (lat. 23° S) 
1955, 
22 Mar. 61 13.4* 6 
29 Mar. 50T 13.9* 9 
17 Apr. 62 12.7* 3 
26 Apr. 79 25.1 73 





ae Meas-_  Ex- 
Collec. Alte © Betivity Go, Ge 
tion tude (disinte- : 105 
di . gration/ © ( 
ate (10° ft) min per centra- atom/ 
g Be tion g of 
carbon) (ppm) air) 
27 Apr. 70 17.3 29 
28 Apr. oan 14.3* ll 
9 May 78 22.4 58 
11 May 60 13.2* 1 
12 May 50U 12.9* “ 
27 May 69 15.2* 16 
14 June 78 21.8* 54 
15 June 61 12.8}; 3 
5 July 79 24.2 69 
7 July 71 16.0 21 
10 July 62 11.2 -7 
3 Aug. 78 21.2* 51 
6 Aug. 61 14.7 14 
30 Aug. 70 14.5 12 
14 Sept. 60 12.9 4 
28 Sept. 90 98.0 493 
11 Oct. 91 105.7 537 
12 Oct. 77 37 123 
13 Oct. 68 17.9 32 
30 Oct. 61 14.4* 398 
1 Nov. 76 37.7 321 136 
20 Nov. 69 20.6 305 42 
25 Nov. 52U 15.3 301 13 
26 Nov. 62 13.77 317 4 
2 Dec. 75-69 20.7 589 
6 Dec. 52T 11.7* 434 
7 Dec. 82-80 39.2 306 144 
8 Dec. 62 15.7 308 15 
27 Dec. 81 36.4 278 128 
1956 
10 Jan. 62 15.6* 375 31 
11 Jan. 71 7.6 292 25 
12 Jan. 81 39.3 298 =:144 
16 Jan. 52T 13.4¢ 285 z 
1 Feb. 52T 13.5 308 3 
6 Feb. 62 14.7 300 10 
7 Feb. 69 22.3 305 51 
24 Feb. 81 26.9 327 76 
5 Mar. 80 26.2 281 73 
13 Mar. 52T 12.8 276 «6-1 
14 Mar. 70 17.7 307 26 
3 Apr. 83-81 21.7 380 74 
26 Apr. 96 33.7 399 
27 Apr. 53-50U 12.8} 296 -1 
18 May 81 18.1 298 28 
19 May 68-65 15.6 291 14 
20 May 91 22.0 313 50 
21 June 51 14.5 310 8 
23 June 68-65 25.2* 377 96 
30 June 80 19.3 380 59 
17 July 50U 15.1 517 
19 July 67-65 23.2 425 
20 July 80 47.4 429 
22 July 90 42.6 300 = 162 
16 Aug. 92-90 23.7 292 59 
17 Aug. 82-80 37.1 308 132 
18 Aug. 50T 14.7 282 10 
29 Aug. 68-65 26.4 310 74 
11 Sept. 53-50U 15.1 304 12 
12 Sept. 68-65 45.1 407 
15 Sept. 90 34.8 293 120 
16 Sept. 80 30.7 380 134 
2 Oct. 54-50U 13.8 326 5 
4 Oct. 67-65 22.7 306 53 
26 Oct. 90 24.5* 344 77 
29 Oct. 81 50.8 322 207 
30 Oct. 91 37.7 301 136 
1 Nov. 90 19.8 314 37 
19 Nov. 81 29.4 554 
10 Dec. 90-87 26.0 317 71 
12 Dec. 90 27.5 332 90 
21 Dec. 66 21.2 331 52 
1957 
18 Jan. 90 43.2 344 191 
28 Jan. 90 35.3 389 §=170 
29 Jan. 84-80 33.4 424 
11 Feb. 93-90 36.1 419 
12 Feb. 83-80 32.8 118 
16 Feb. 68-65 12.8* 468 
19 Feb. 50T 11.0* 379 2 
19 Mar. 90 38.4 308 = §=.139 
20 Mar. 80-78 24.7 303 64 
25 Mar. 66 21.2 298 45 
26 Mar. 50-46 13.1 295 1 
10 Apr. 90 35.2 413 
25 Apr. 84 38.3 308 =. 139 
26 Apr. 68-66 19.0} 307 33 











Observed 
oe an 
Collec- Alti-, = (Gixinge. CO, cM 
tion tude a 7 con- (105 
date (108 ft) gration/ ate atom / 
min per ; 
g of tion g of 
carbon) (PP™m) air) 
27 Apr. 49T 12.8* 313 -1 
14 May 65 19.4 313 35 
15 May 95 39.5 297 145 
17 May 81 39.6 320 146 
18 May 50T 13.2 325 1 
19 May 80 37.6* 308 86135 
31 May 80 47.0 301 186 
1 June 90 37.9 404 
2 June 64 17.8 349 39 
13 June 94 34.2 306 116 
14 June 81-78 37.6 331 148 
15 June 49T 12.2* 410 
9 July 66 15.8 481 
10 July 93 41.0 308 154 
11 July 93 39.9 363-185 
12 July 80-74 39.1 298 143 
13 July 49U 14.3* 345 16 
3 Aug. 68 33.7 298 =««114 
5 Aug. 49U 16.2* 522 
8 Aug. 80 43.3 313 «166 
10 Aug. 90 39.7 495 
16 Aug. 89 35.4 357 152 
17 Aug. 90 38.5 369 179 
5 Sept. 49U 15.2* 339 20 
6 Sept. 65 30.2 310 94 
10 Sept. 80 39.3 311 144 
12 Sept. 81 37.4 319 134 
15 Sept. 87 36.1 314 127 
21 Nov. 92 35.3 326 122 
22 Nov. 82-75 37.7 316 =: 136 
24 Nov. 80 32.9 315 109 
25 Nov. 65 28.4 322 85 
10 Dec. 82-80 30.8 323 98 
12 Dec. 66 32.2 320 105 
14 Dec. 51U 12.7 312 -1 
19 Dec. 96-93 42.6 323 162 
1958 
7 Jan. 79 28.5} 326 85 
8 Jan. 89 36.9 323-131 
10 Jan. 65 27.7 391 
11 Jan. 51U 12.4* 337 3 
3 Feb. 66 25.9* 314 71 
9 Feb. 80 39.7 304 146 
10 Feb. 90 37.0 316 132 
5 Mar. 80 38.4 313-139 
6 Mar. 90 38.8 323 142 
7 Mar. 80 35.4 312s «28 
13 Mar. 66 22.9 320 54 
14 Mar. 50T 12.8 308 -1 
2 Apr. 52U 15.1 310 12 
3 Apr. 69 34.4 325 117 
4 Apr. 81 33.1 316 = 110 
5 Apr. 90 34.7 314 119 
9 May 65 23.07 329 62 
11 May 89 33.8 308 =s«114 
12 May 51T 13.9} 316 5 
16 May 88 38.6 317. 140 
17 May 80 38.7 325 151 
4 June 64 22.5 316 52 
5 June 88 41.4 319 156 
8 June 80 37.3 143 
10 June 48T 15.5 18 
13 June 79 40.8F 153 
9 July 90 36.1F 127 
10 July 63 33.3 120 
11 July 80 36.3 138 
13 July 52U 16.0 21 
5 Aug. 93 37.5*F 134 
7 Aug. 81 36.8 141 
8 Aug. 53T 17.8F 7 
9 Aug. 65 39.1 154 
2 Sept. 95 31.9 113 
4 Sept. 53U 13.2 5 
Sioux City, Iowa (lat. 42.5° N) 
1958 
5 July 50U 17.7 314 26 
6 July 66 47.3 301 188 
7 July 81 46.1 369 229 
Zi Sly 93 45.2* 334 86195 
2 Aug 90-88 43.7 317: 168 
3 Aug. 66 45.5 38 «6&8 
7 Aug. 49 19.2F 34 
9 Aug. 80 48.7F 315 196 
1 Sept. 88 44.5 329-187 
1 Sept. 50U 17.6 311 25 
8 Sept. 62 40.3 150 
15 Sept. 83 48.0 192 
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3) When the measured concentration 
was between 327 and 389 ppm, the spe- 
cific activity was corrected by the fol- 
lowing ratio: 
ait. 

4) No correction was made in the few 
cases in which the measured concentra- 
tion was less than 295 ppm on the as- 
sumption that such low values were due 
to sampling errors which did not affect 
the specific activity. 


measured concentration/ 


5) Samples whose measured concen- 
tration was greater than 389 ppm were 
considered too unreliable to be used. 

6) For samples for which no measure- 
ment of concentration was available, the 
specific activity values were corrected 
by the following factors, representing 
the ratios of the average of the meas- 
ured values of the compressed air sam- 
ples at each station (excluding values 
greater than 389 ppm) to 311 ppm: 
Minneapolis, 1.09; San Angelo, 1.06; 
Canal Zone, 1.12; Sao Paulo, 1.05; Sioux 
City, 1.00. 

An investigation is being made of the 
C18/C12 ratios of the carbon dioxide 
samples in the hope that more exact 
corrections may be applied to the data. 

Column 5 of Table 2 lists what are 
considered to be the best values for the 
concentration of artificially produced 
carbon-14—that is, the excess over the 
natural cosmic ray-produced carbon-14 
background, expressed in units of 105 
atoms of carbon-14 per gram of air. 
These values were obtained from the 
measured specific activity values, which 
were corrected for variations in concen- 
tration in the manner just described and 
converted to units of 105 atoms per 
gram of air on the basis of a carbon-14 
half-life of 5600 years and a uniform 
stratospheric concentration of carbon 
dioxide of 311 ppm. The assumed natu- 
ral background is 71 x 10° atoms of car- 
bon-14 per gram of air, corresponding 
to a specific activity of 13  disinte- 
grations per minute per gram of carbon. 
The uncertainty of this assumed strato- 
spheric background is probably small 
compared to the magnitude of most of 
the excess carbon-14 observations and 
does not seriously affect the integrated 
inventory of artificially produced car- 
bon-14 in the stratosphere. 

These excess carbon-14 results are 
presented graphically in Fig. 3, which 
shows the measurements in four altitude 
groups as a function of time at the four 
collection stations. The lines connecting 
the points, especially in time regions of 
few measurements, are for visual aid 
only. Indicated at the top of the figure 
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Fig. 3. Excess carbon-14 as a function of time at various altitudes and latitudes. Bars at 
top of figure indicate large stratospheric injections of radiocarbon by nuclear tests. 
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are the times of known large strato- 
spheric injections of carbon-14 by nu- 
clear detonations. These have been taken 
from the compilation of Telegadas (5). 
The detonations of each country are in- 
dicated separately. In the case of the 
United States, only the Pacific test series 
are shown. It should be borne in mind 
that the U.S.S.R. tests have been carried 
out north of 40°N; the U.S. tests have 
been carried out at 11°N; and the U.K. 
tests have been carried out primarily at 
2°N. The lengths of the bars show the 
duration of the test series and do not 
necessarily bear any relationship to the 
amount of carbon-14 injected into the 
stratosphere. 


Tritium 


Sample processing and measurement. 
The recovered samples of water from 
the stratospheric air collections, usually 
1 to 10 milliliters in volume, were split 
into two fractions. The concentration of 
the deuterium was measured in one frac- 
tion by mass spectrometric or infrared 
analysis, the concentration of the deu- 
terium in the original tracer water hav- 
ing been determined previously. About 
0.5 to 0.75 milliliter of the second frac- 
tion was reduced to hydrogen gas by 
magnesium, and the tritium content of 
the gas was measured with a Geiger 
counter surrounded by anticoincidence 
counters and steel shielding. The major- 
ity of the samples had counting rates at 
least one order of magnitude greater 
than background. 

The total tritium collected was ob- 
tained by multiplying the tritium-to- 
deuterium ratio in the samples by the 
total deuterium added as tracer at the 
time of collection. The volume of air 
collected was estimated by measuring 
the total number of revolutions of the 
blower, which had been calibrated under 
simulated conditions, and by photo- 
graphing the inflated collection bag to 
estimate its dimensions. The mass of air 
sample was calculated from the density 
of the air at the collection altitude. 

Results and errors. The concentration 
of tritium per gram of air may be ascer- 
tained even though water is added or 
subtracted indiscriminately prior to the 
laboratory separation into the two frac- 
tions, provided that the added water 
contains no appreciable tritium or deu- 
terium (tropospheric water would pro- 
duce no significant error). However, the 
tritium-to-hydrogen ratio in the strato- 
sphere is not determined by this method. 
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It can only be inferred from the water 
vapor content of stratospheric air, which 
is poorly known. 

Following is an evaluation of the er- 
rors associated with the tritium meas- 
urements. The amount of tracer added 
during the collection of the air is esti- 
mated to be accurate to about +1 per- 
cent. The deuterium concentrations are 
accurate to +4 percent. Errors in the 
measurement of the tritium activity are 
about +10 percent; about half are at- 
tributable to statistical counting errors 
and half to calibration errors. The tracer 
deuterium oxide contained less than 250 
disintegrations of tritium per minute per 
gram. This was normally only about 5 
percent of the total tritium in a sample 
and, therefore, introduced only a small 
correction. 

The method of determining the vol- 
ume of air collected is estimated to have 
a standard error of about +5 percent. 
However, the density must be known to 
convert the volume to mass of air and, 
due to uncertainties in the absolute alti- 
tude of the collection, the mass of air 
collected is not known to better than 
+15 percent below 70,000 feet and +25 
percent above 70,000 feet. Thus, the 
error in determining the mass of air con- 
taining the tritium is the predominant 
error. 

Combining all the sources of error, 
it is estimated that a single determina- 
tion of the tritium concentration should 
be accurate to + 30 percent, with greater 
accuracy at the lower levels of the strato- 
sphere. 

A few early results were obtained in 
the period between June 1955 and Au- 
gust 1956 and are listed in Table 3. In 
these early collections, tracing was per- 
formed by adding deuterium oxide to 
the collection bag before the balloon was 
launched. The error associated with 
these measurements may be somewhat 
larger than the errors associated with 
similar measurements made during the 
period 1957-58 obtained by the collec- 
tion method described above. The lat- 
ter results are given in Table 4. 


Discussion 


General comments. Figure 3, showing 
the excess of carbon-14 at the four loca- 
tions as a function of time, presents a 
different pattern at the different alti- 
tudes. The excess carbon-14 values are 
small at the lowest altitudes (approxi- 
mately 50,000 feet) and show little fluc- 
tuation with time. On the other hand, 


Table 3. Tritium concentrations in 1955-- 
56 in the stratosphere above Minneapolis. 








Tritium 

Collection Altitude (106 

date (108 ft) atom/g 

of air) 
30 Nov. 1955 59 78 
4 Jan. 1956 59 62 
26 Oct. 1955 69 43 
19 Jan. 1956 70 72 
15 June 1955 76 82 
11 Aug. 1955 78 140 
23 Sept. 1955 77 115 
10 Oct. 1955 80 89 
18 Oct. 1955 80 38 
26 Mar. 1956 94 86 
30 Aug. 1956 90 107 





the data at the higher altitudes show 
large excess carbon-14 concentrations 
and marked variability. Some of this 
variability may be due to experimental 
errors. However, several striking peaks 
—for example, those at the Canal Zone 
at 65,000 to 70,000 feet in September 
1956 and July 1958—are closely related 
to known injections. On the other hand, 
the large peaks at Minneapolis at 80,000 
feet in December 1954 and at Sao Paulo 
at 90,000 feet in October 1955, 6 and 16 
months after United States tests in the 
Pacific, indicate a lack of homogeneity 
of the stratosphere long after the injec- 
tion of the carbon-14 has occurred. 
The concentrations at Minneapolis 
and San Angelo in the Northern Hemi- 
sphere are greater than at Sao Paulo in 
the Southern Hemisphere. Broecker and 
Walton (6) also found higher carbon-14 
concentrations in Northern than in 
Southern Hemisphere tropospheric air. 


Table 4. Tritium concentrations in 1957- 
58 in the stratosphere above Minneapolis. 








Tritium 

Collection Altitude (105 

date (108 ft) atom/g 

of air) 
28 May 1957 49 11 
27 June 1957 50 25 
11 July 1957 50 9 
6 Mar. 1958 47 27 
9 Apr. 1958 47 42 
16 Aug. 1957 71 118 
24 Aug. 1957 65 107 
26 Oct. 1957 65 111 
30 Nov. 1957 64 89 
21 Dec. 1957 64 123 
10 Jan. 1958 64 
20 Feb. 1958 64 69 
7 June 1958 62 58 
20 June 1958 61 85 
20 June 1957 76 71 
15 July 1957 77 107 
22 Aug. 1957 82 59 
22 Jan. 1958 78 68 
7 Feb. 1958 77 71 
25 Mar. 1958 81 73 
15 May 1958 78 67 
17 June 1958 77 152 
25 Sept. 1957 89 124 
5 Nov. 1957 91 61 
19 Dec. 1957 88 99 














A final observation from Fig. 3 is the 
higher average values at Minneapolis 
and San Angelo than at the Canal Zone 
at almost all altitudes and times cov- 
ered by this study. This is particularly 
striking in view of the large injections 
by the United States in the latitude 
closest to the Canal Zone. The signifi- 
cance of this observation is discussed 
below. 

Stratospheric inventories (7). The 
data permit estimates of the strato- 
spheric content of radiocarbon produced 
by nuclear weapons. In computing these 
inventories, charts such as Fig. 4 were 
prepared from concentrations averaged 
over 6-month intervals centered on 1 
January and 1 July. The stratospheric 
content was found by graphical integra- 
tion and is given in Table 5. It is felt 
that the errors in these numbers are no 
greater than +30 percent. 

Miinnich and Vogel (8) have esti- 
mated that there were about 4.4 x 10?7 
artificially produced carbon-14 atoms in 
the troposphere, the biosphere, and the 
surface layers of the oceans in mid-1957. 
Broecker and Walton (6) estimate the 
to be 4.8x 1027 carbon-14 
atoms in March 1958. Correcting these 
numbers to 1 January 1957, using an 
average of the growth curves for the 
two hemispheres given by Broecker and 
Walton, gives about 3.2 and 2.4 x 1027 
atoms, respectively. The same figures, 
corrected to 1 July 1958, are 6.8 and 


number 


Table 5. Stratospheric content of artificial 
radiocarbon. 





Radiocarbon content 








Date (1077 C14 atoms) 
1 July 1955 8.6 
1 January 1956 8.0 
1 July 1956 5.6 
1 January 1957 6.6 
1 July 1957 7.4 
1 January 1958 6.1 
1 July 1958 8.4 
5.2x 1027 carbon-14 atoms. Since 


Broecker and Walton have more re- 
liable estimates of the oceanic content, 
numbers near the lower part of the range 
are probably to be preferred. Thus, the 
total content in the stratosphere, tropo- 
sphere, biosphere, and oceans was about 
9.0 x 1027 carbon-14 atoms on 1 Janu- 
ary 1957 and about 14 x 10?" carbon-14 
atoms on 1 July 1958. [Libby (9) suggests 
that some carbon-14 may fall back to the 
ground or sea as calcium carbonate. This 
local fallout of carbon-14 is not included 
in the above inventories.] The 1 January 
1957 inventory agrees with Libby’s esti- 
mate (9) of about 10 x 10?" atoms pro- 
duced by nuclear devices. 

The 9 x 1027 carbon-14 atoms present 
on 1 January 1957 were produced by a 
total of 89 megatons of nuclear explo- 
sives (J0). During the period 1957-58, 
an additional 85 megatons (10) were 
detonated. However, a larger fraction 
(85 percent versus 30 percent) of the 
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Fig. 4. Altitude-latitude cross section of the atmosphere showing the mean excess radio- 
carbon distribution as of 1 July 1955. Concentrations in 10° atoms per gram of air are 
indicated near points identifying the altitude. Numbers in parentheses show the number 
of samples from which the mean concentration was computed. Thin lines are isolines of 
carbon-14; heavy lines indicate the position of the tropopause. 
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tests were conducted in the air in the 
latter years and, therefore, probably in- 
troduced more carbon-14 per megaton 
into the atmosphere. For this reason, the 
increment in 1957-58 is estimated as 
roughly 16 x 1027 carbon-14 atoms, The 
sum, 25 x 1027 carbon-14 atoms, is the 


cere 


present estimate based upon available | 


data of the total number of artificial 


radiocarbon atoms released into the at- | 


mosphere up to the suspension of atomic 
tests on 31 October 1958. 

The fate of artificially produced car- 
bon-14 is of importance in considering 
the biological hazards from atomic tests. 
According to Broecker and Walton (6), 
the carbon-14 content of the Northern 
Hemisphere troposphere had increased 
by 17 percent by mid-1958. If the 
25 x 1027 carbon-14 atoms that have 
been produced up to the present were 
mixed throughout the world atmosphere 
only, the total tropospheric concentra- 
tion of carbon-14 would be 134 times 
the natural concentration. However, it 
is not likely that this total will exceed 
1 times the natural concentration be- 
cause of uptake by the oceans. Continued 
mixing (1/7) with the surface layers of 
the oceans will reduce the carbon-14 
concentration in the atmosphere from 
the peak value to a world-wide average 
of about 114% times the natural value. 
The bulk of the exchangeable carbon 
reservoir lies in the deep oceans, where 
there is over 50 times more exchangeable 
carbon than in the atmosphere. The 
mixing between the surface layers of the 
ocean and the deep ocean probably takes 
place over a period of several tens to 
several hundreds of years. Thus, it is es- 
timated that mixing of the artificial 
radiocarbon with the entire global reser- 
voir over many tens or hundreds of years 
will reduce the radiocarbon increment 
from nuclear tests carried out to the 
present date to below 1 percent of the 
natural background. The biological sig- 
nificance of increases in the carbon-14 
content of the atmosphere has been dis- 
cussed by Leipunsky (12), Pauling (13) 
and Totter et al. (14). 

Some meteorological comments. The 
carbon-14 measurements afford a re- 
markable opportunity to study strato- 
spheric motions. The radiocarbon obser- 
vations pre-date the stratospheric meas- 
urements of particulate fission products 
(15). In addition, carbon-14, in the form 
of gaseous carbon dioxide, is a better 
tracer than the particulate fission prod- 
ucts because there is little likelihood of 
separation from its associated air mass 
by gravitational settling or other mecha- 
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nisms, Only a few of the meteorological 
interpretations of the data are presented 
below. 

Figure 4 depicts the distribution of ar- 
tificial radiocarbon as a function of alti- 
tude and latitude as measured during 
the period from April through Septem- 
ber 1955. The analysis for the atmo- 
sphere north of 45°N and south of 
23°S is subjective. The period April— 
September 1955 was chosen for dis- 
cussion because all significant strato- 
spheric injections prior to this date 
occurred at 11°N. For all practical 
purposes they originated from only two 
test series, that in the fall of 1952 and 
that in the spring of 1954. The cross sec- 
tion for July 1955 (Fig. 4) is thus based 
on samples collected more than 1 year 
after the second and larger injection. 

Two of the significant features of Fig. 
4 are (i) the greater concentrations at 
the same altitudes at the San Angelo and 
Minneapolis locations than at the Canal 
Zone and (ii) the higher concentrations 
at San Angelo, Minneapolis, and the 
Canal Zone than at Sao Paulo, except 
for the 90,000-foot levels, for which 
there are very few measurements. There 
appear to be two possible explanations 
of the distribution shown in Fig. 4 from 
a source which originated closest in lati- 
tude to the Canal Zone. 

The first explanation assumes that the 
transfer of matter in the stratosphere 
takes place only by diffusive mixing 
along the gradient of concentration. 
Since the Canal Zone is close to the 
latitude of the source, the highest con- 
centration on such a theory must always 
be present at this observing point rela- 
tive to the other three stations. But, 
since the data indicate otherwise— 
namely, that the Canal Zone has lower 
concentrations level for level than 
San Angelo and Minneapolis—it is nec- 
essary to locate the highest concentra- 
tions above the highest altitude of the 
measurements, that is, above 90,000 feet. 
From these hypothetical high concen- 
trations over the Canal Zone the radio- 
carbon mixes laterally either horizontally 
or along surfaces which slope gradually 
downward toward the poles. If the 
former, then vertical mixing is assumed 
to become more intense at the latitudes 
of the other stations. To account for 
lower concentrations at Sao Paulo than 
at San Angelo or Minneapolis north- 
south mixing across the equator must be 
assumed to be slow. The diffusion ex- 
planation may be reasonable since sev- 
eral powerful nuclear explosions were 
known to have risen beyond 90,000 feet 
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Fig. 5. Relationship between total tritium and excess carbon-14 in the stratosphere. 


and, in general, higher concentrations 
are observed at increasing altitudes at all 
locations. It may be objected to on the 
grounds that the greatest lateral extent 
of the visibie clouds, even for those 
which rose very high, may have been 
below 90,000 feet although the gases 
could be concentrated at the top of the 
mushroom. Further, high values at Min- 
neapolis in December 1954 appear at 
80,000 rather than at 90,000 feet. Fi- 
nally, it is always unsatisfactory to ex- 
plain something by unknown data just 
beyond the reach of observations. 

The alternate explanation follows the 
Brewer-Dobson (/6) model, as inter- 
preted by Stewart (17) and Machta 
(18). Air is presumed to rise very 
slowly into the equatorial stratosphere 
from the troposphere, then drift upward 
and poleward. Each hemispheric branch 
is approximately symmetrical with re- 
spect to the geographical equator. Later, 
air descends into the lower stratosphere 
in the temperate or polar zone, or both. 
In this picture, the radiocarbon injec- 
tions can take place below 90,000 feet. 
During the year following the 1954 tests, 
the northward drift bodily carried peak 
concentrations poleward in the Northern 
Hemisphere, leaving much smaller con- 
centrations at the Canal Zone. Turbu- 
lent mixing is present in the stratosphere, 
but the transport is dominated by the 
circulation. Horizontal mixing across the 
equator brought a small amount of ra- 
diocarbon into the Southern Hemisphere 
for transport to the upper levels over 
Sao Paulo by the Southern Hemisphere 
circulation. This explanation is sup- 
ported by the continued decrease of con- 
centrations at the higher stratospheric 
altitudes over the Canal Zone until the 


summer of 1956, when new equatorial 
injections took place. 

Another meteorological item of cur- 
rent interest is the residence time of air 
masses in the stratosphere before mixing 
with the troposphere. It has often been 
assumed that first-order kinetics can be 
applied to this exchange mechanism— 
that is, that the amount of a tracer re- 
moved from the stratosphere is always 
a fixed proportion of the stratospheric 
inventory. It is implied in first-order 
kinetics that the reservoir (in this case 
the stratosphere) is thoroughly mixed on 
a time scale shorter than that of the re- 
moval process. The nonhomogeneous 
stratospheric distribution more than a 
year after the injection (Figs. 3 and 4) 
argues strongly against a hypothesis of 
fast mixing. However, there is interest in 
knowing what fraction of the carbon-14 
came out of the stratosphere during the 
early years. It should be noted that this 
fraction need not be the same for later 
years or for the first few years follow- 
ing an injection into the stratosphere at 
other latitudes and altitudes. Most of 
the carbon-14 prior to 1957 was added 
at 11°N. 

Calculation of the stratospheric re- 
moval rate from differences in the total 
stratospheric contents at successive times 
is unreliable because of the inaccuracies 
in the inventories and the uncertain 
magnitudes of the injections of carbon- 
14 occurring during the periods con- 
sidered. Instead, two other methods will 
be used. 

On 1 January 1957 the total artificial 
radiocarbon inventory was about 9.0 x 
10?7 carbon-14 atoms, of which 6.6 x 1027 
were still in the stratosphere. The frac- 
tion of the total remaining in the strato- 
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sphere can be explained by using known 
times and relative magnitudes of strato- 
spheric injections (taking into account 
local fallout) and an exponential removal 
rate corresponding to about 17 percent 
per year. The mean stratospheric resi- 
dence time on this basis is about 6 years 
(a half time for removal of 4 years). 

A mean residence time in the strato- 
sphere can also be calculated from the 
average stratospheric carbon-14 inven- 
tory and Broecker and Walton’s growth 
curve for the troposphere (6). The 
stratospheric inventory is constant, al- 
most within experimental error, at 7.2 x 
1027 carbon-14 atoms during the period 
1 July 1955 to 1 July 1958 (see Table 
5). The average rate of increase of car- 
bon-14 in the troposphere during this 
period was 1.2x10?7 atoms per year 
(6). A very rough estimate of the aver- 
age rate of uptake of the artificial car- 
bon-14 by the oceans during the same 
period is 0.3 x 107 atoms per year. This 
is based on a mean tropospheric content 
of 2.1 x 1027 atoms and a removal rate 
of one-seventh per year (11). Thus, 
1.5 x 1027 artificially produced 
carbon-14 atoms were removed from the 
stratosphere each year, corresponding to 
a mean residence time of slightly less 
than 5 years. 


about 


These residence times, about 5 years, 
are shorter than Libby’s earlier estimate 
(19) but are close to the recent compu- 
tations reported by Shelton (20), 
Libby (21), and Machta and List (22). 

The uncertainty in the residence time 
as calculated in this paper is directly 
proportional to the uncertainty of the 
stratospheric inventory and depends to a 
lesser extent on the rate of uptake by the 
oceans. Further, it is assumed that all of 
the injections enter the stratosphere. A 
small error is made because some radio- 
carbon from weapons tests is inserted 
directly into the troposphere. 

Comparison of tritium and carbon-14 
measurements. Figure 5 is a plot of the 
total tritium as a function of the excess 
carbon-14 concentration at Minneapolis. 
It is evident that there is a positive cor- 
relation between the tritium concentra- 
tion and the excess radiocarbon. On the 
assumption of a constant tritium to car- 
bon-14 ratio from contributing nuclear 


explosions, the data can be used to 
calculate the natural tritium content of 
the stratosphere. The tritium concentra- 
tion corresponding to zero excess car- 
bon-14 is the natural tritium background 
value. Although only the 1957-58 points 
near the 50,000-foot level yield a statis- 
tically significant background value, 7 x 
10° (6 =3.5x105) tritium atoms per 
gram of air, the entire body of the 1957- 
58 data gives a value consistent with 
this. If this concentration exists through- 
out the stratosphere, then there are ap- 
proximately 6 x 10? naturally produced 
tritium atoms in the entire stratosphere. 
Assuming that the mean stratospheric 
residence time is 5 years for natural 
tritium and that two-thirds of the natural 
production takes place in the stratosphere 
(as would be the case for cosmic ray 
production), 6 x 102° tritium atoms lead 
to an average world-wide natural pro- 
duction rate of 1 tritium atom per 
square centimeter per second, in good 
agreement with recent estimates sum- 
marized by Begemann (23). 

The tritium concentrations expressed 
as atoms per gram of air can be con- 
verted to tritium atoms per 1018 hydro- 
gen atoms by estimating the stratospheric 
moisture content. The frost-point in the 
stratosphere is believed to lie in the range 
of —65° to —80°C. Thus, the 50,000- 
foot background tritium concentration of 
7x 105 tritium atoms per gram of air 
would correspond to between 4 x 10° and 
4 x 10° tritium atoms per 101§ hydrogen 
atoms. For comparison, rains in Chicago 
prior to 1954 contained 3 to 34 tritium 
atoms per 1018 hydrogen atoms (24). 

The good correlation between the ex- 
cess carbon-14 and tritium permits an 
estimate of the number of tritium atoms 
associated with each carbon-14 atom pro- 
duced by weapon tests. Assuming that 
the ratio of tritium to carbon-14 atoms, 
0.4, based on all of the 1957-58 data 
was the same at other locations than 
Minneapolis, the stratospheric inventory 
of excess tritium on 1 January 1958 was 
2.4 x 1027 atoms, or about 4 times the 
natural content of tritium in the strato- 
sphere. The rapid removal of tritium 
from the troposphere by precipitation 
puts most of nonstratospheric tritium in 
the oceans. Because of inadequate data 





on the tritium content of ocean waters, 
no attempt has been made to obtain a 
complete inventory of weapon-produced 
tritium. 
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News of Science 


Congress Studies Research 
Programs To Develop Industrial 
Uses for Agricultural Products 


In the present session of Congress, 25 
“utilization research” bills have been in- 
troduced so far, five in the Senate and 
20 in the House. Utilization research is 
the organized effort, through science and 
technology, to develop new uses for ag- 
ricultural products, particularly uses in 
industry. It is offered as one solution to 
this country’s continuing surplus of agri- 
cultural commodities. An example of ef- 
fective utilization research is the devel- 
opment that occurred when detergents 
first replaced soap. A way was found to 
use the resulting surplus of animal fats 
by converting the fats into chemical 
compounds useful as plasticizers in vinyl 
plastics. Now 40 million pounds of ani- 
mal fats are sold each year to make 
shower curtains, raincoats, garden hose, 
floor tile, and so forth. 

Senator Homer Capehart (R-Ind.) 
led the way in proposing utilization re- 
search legislation in March 1956 when, 
joined by 30 of his colleagues, he intro- 
duced S.3503, the first of the current 
series of bills on the subject. In his pro- 
posed legislation, which he described in 
1956 as the most important program he 
had ever sponsored in his tenure in the 
Senate, Capehart suggested the forma- 
tion in the executive branch of the gov- 
ernment of an Industrial Agricultural 
Products Administration. Many other 
plans have been offered since. At pres- 
ent, the two leading proposals are (i) 
the establishment of a new research 
agency within the Department of Ag- 
riculture and (ii) the creation of an ad- 
visory commission in the government’s 
executive branch. 

Capehart’s original measure required 
a supporting appropriation of $100 mil- 
lion a year. He defended the amount by 
pointing out that despite the billions in 
federal funds being spent in price-sup- 
port buying and in paying the farmer to 
reduce his acreage, the huge surplus was 
continuing to accumulate. What Cape- 
hart said in 1956 is still true today; yet 
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only now, 4 years later, is a congressional 
proposal even approaching legislative 
sanction. 


Bipartisan Commission Findings 


In fact, the only constructive measure 
that has been passed was Public Law 
540, under which the 84th Congress es- 
tablished a five-man bipartisan Commis- 
sion on Increased Industrial Use of Ag- 
ricultural Products. Employing 18 task 
groups to consider all the agricultural 
products useful or potentially useful to 
industry, the commission prepared a de- 
tailed report and submitted it to Con- 
gress in June 1957. 

The commission concluded emphati- 
cally, that the United States economy 
can develop profitable industrial markets 
capable of absorbing enough of the ex- 
cess farm production “to minimize, pos- 
sibly even to eliminate, the need for 
costly restrictions, supports, and surplus- 
disposing operations.” However, the re- 
port pointed out that four main needs 
must be met before such a development 
can be brought about. These were de- 
scribed as follows: 

“The first [need] is a sufficiently sharp 
sense—lacking so far—of the impor- 
tance, the possibilities, and the urgency 
of the industrial utilization approach to 
farm surplus problems. 

“The second need is a greatly ex- 
panded program of fundamental and 
applied research—physical, chemical, 
biological, economic—to learn far more 
about the nature of agricultural raw ma- 
terials and to determine what existing 
or new industrial products and processes 
might profitably use them . . . The re- 
search and development program would 
mobilize the efforts of many scientific 
institutions—private, public, State, Fed- 
eral and perhaps even some in other 
countries. . . . 

“The third need is to insure, through 
fellowships, scholarships, grants, and 
other means, that much more scientific 
talent is trained for and channeled into 
this neglected field of farm product re- 
search and development than it has en- 
gaged so far. 


“The fourth need is to provide, in cer- 
tain cases, suitable financial incentives 
during a temporary trial or development 
period—for example, new products or 
processes that are expensive to launch or 
that seem less promising than alternative 
uses of risk capital, or that might lead to 
especially rapid disposal of surpluses.” 


Present Program 


At present the Department of Agri- 
culture operates four regional utilization 
research laboratories, one in each major 
farm-producing area. These regional 
laboratories, which were established in 
1938, are headquarters for the four Uti- 
lization Research and Development di- 
visions of the Agricultural Research 
Service. Each division, including a num- 
ber of associated field stations, conducts 
research on problems of national scope, 
with special emphasis on utilization of 
farm commodities important in its par- 
ticular region. 

The Northern Division, at Peoria, IIl., 
conducts research on corn, wheat, and 
other grains. The Eastern Division, at 
Wyndmoor, Pa., does work primarily on 
livestock and dairy products, fruits and 
vegetables, tobacco, and honey and ma- 
ple products. The Southern Division, at 
New Orleans, La., conducts research on 
cotton, rice, sweet potatoes, sugar cane, 
peanuts, and so on. The Western Divi- 
sion, at Albany, Calif., investigates 
wheat, barley, poultry and eggs, sugar 
beets, wool, and alfalfa and other forage 
crops. Each of the laboratories has a 
staff of from 350 to 400 people, of 
whom about half are scientists. In fiscal 
year 1959 the four units spent $16,067,- 
000. 


Senate Proposes New Agency 


Last month the Senate passed S.690, 
“To provide for the increased use of 
agricultural products for industrial pur- 
poses.” This bill is identical to S.4100, 
which was passed last year too late for 
House action. The present bill, spon- 
sored by senators Johnston, Proxmire, 
Humphrey, Talmadge, and Yarborough, 
would establish a new independent 
agency in the Department of Agricul- 
ture, to be known as the Agricultural 
Research and Industrial Administration, 
which would coordinate and expedite ef- 
forts to develop new uses for farm prod- 
ucts, new crops to replace those in sur- 
plus, and additional means of disposing 
of surplus commodities in government 
inventory. The agency would be headed 
by an administrator under the general 
direction and supervision of the Secre- 
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tary of Agriculture and would hire up to 
ten scientists and technicians at rates 
higher than those allowed by the Classi- 
fication Act. 

To accomplish the objectives of the 
bill, the new agency would be empow- 
ered to utilize existing facilities and 
authorities; make research grants; use 
foreign currencies accumulated under 
Public Law 83-480 (the over-seas farm- 
surplus disposal program that has re- 
sulted in the accumulation of billions of 
dollars in unused funds abroad); enter 
into contracts or cooperative arrange- 
ments; make incentive payments; make 
Commodity Credit Corporation stocks 
available; provide for private operation 
of government facilities; assist in the ac- 
quisition or expansion of facilities by 
persons contracting or cooperating in re- 
search and development; grant exclusive 
licenses to use patents under the control 
of the Department of Agriculture; build, 
maintain, and operate manufacturing fa- 
cilities; and provide for graduate schol- 
arships and fellowships. 

The authority granted the new agency 
would supplement, particularly with re- 
spect to putting research findings to in- 
dustrial use, the broad powers already 
vested in the Department of Agriculture 
under the Research and Marketing Act 
of August 1946 and other statutes. The 
provisions granting the agency authority 
relative to grants, fellowships, scholar- 
ships, incentives for farmers and indus- 
try, and so on stem from recommenda- 
tions of the Commission on Increased 
Industrial Use of Agricultural Products. 


House Committee Favors Commission 


The leading utilization research legis- 
lation in the House is quite different 
from that in the Senate, for it recom- 
mends the formation of an Agricultural 
Research and Development Commission 
as an independent organization in the 
executive branch. This suggestion, which 
was introduced in June as H.R.7576 
(Abernethy), is the strongest House pro- 
posal on the subject. On 12 August the 
House Committee on Agriculture, hav- 
ing considered both H.R.7576 and Sena- 
tor Johnston’s bill for the creation of a 
new agency in the Department of Agri- 
culture, ordered a moderately amended 
version of H.R.7576 reported out. The 
new version was reintroduced the same 
day by Abernethy (H.R.8639) and 
Dixon (H.R.8640). 

The Agricultural Research and Devel- 
opment Commission would have seven 
members appointed by the President and 
confirmed by the Senate—four from ag- 
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riculture and three from industry. Its 
responsibilities would be investigative 
and advisory. It would appraise agricul- 
ture’s research needs and develop au- 
thoritative recommendations—that is, it 
would propose the initiation, expansion, 
termination, or redirection of agricul- 
tural and forestry research, with empha- 
sis on utilization research. Its activities 
would include a review of the organiza- 
tional structure of the Department of 
Agriculture’s research program in order 
to make recommendations to the Secre- 
tary of Agriculture. 

The commission would have what- 
ever funds were necessary to conduct its 
work. It would meet at least four times 
a year, and it would issue detailed re- 
ports, including an annual one to the 
Secretary of Agriculture and to Con- 
gress. The executive director of the com- 
mission would be appointed by the Sec- 
retary of. Agriculture from among 
persons nominated by the proposed com- 
mission. 

A special section of the Abernethy- 
Dixon measure provides, further, that 
the Secretary of Agriculture be given 
certain additional powers in making 
grants and contracts for research in- 
tended to carry out the purposes of the 
new act. 


Other Measures Introduced 


The establishment of a new agency in 
the Department of Agriculture is the 
significant provision of ten of the 25 bills 
before the current session of Congress; 
in addition to Johnston’s S.690, these are 
8.43, Mundt; 8.74, Curtis; $.1124, Cape- 
hart et al.; $.1722, Title III, Capehart; 
H.R.2970, Brock; H.R.4167, Hemphill; 
H.R.7245, Wampler; H.R.7402, Flynn; 
and H.R.5234, Berry. The second largest 
group of bills is composed of the eight 
that recommend the expansion of utili- 
zation research under the Secretary of 
Agriculture within the existing organi- 
zation: H.R.2380, Albert; H.R.2718, 
Abernethy; H.R.2719, Dixon; H.R.2720, 
McIntire; H.R.2766, Hoeven; H.R.2803, 
Steed; H.R.2880, Jennings; and H.R. 
5441, Schwengel. These bills have had 
the strong support of the land-grant col- 
leges, which would like to receive much 
larger research and equipment grants in 
order to greatly increase work in this 
field. 

A third group, four bills, proposes the 
formation. of an Agricultural Research 
and Industrial Board in the executive 
branch to coordinate and expedite utili- 
zation research: H.R.127, Kee; H.R. 
309, Abernethy; H.R.2881, Jennings; 





and H.R.3070, Saund. Establishment of 
this board was another of the recom- 
mendations of the Commission on In- 
creased Industrial Uses; it would have 
five members appointed by the Presi- 
dent and confirmed by the Senate, one 
of whom must be an Assistant Secretary 
of Agriculture. 


Department of Agriculture Views 


The Department of Agriculture sup- 
ports the Abernethy-Dixon legislation for 
an executive branch commission (H.R. 
8639-40), maintaining that, with enough 
money and the appropriate authoriza- 
tions, it can carry out the necessary pro- 
gram within its present organization. 
When asked to comment, a department 
spokesman said: “We can live with this 
one. With $.690, Sen. Johnston’s bill, it 
would be difficult.” He then emphasized 
that the House proposal established a 
group to aid the Secretary of Agricul- 
ture, a review body to determine what 
is needed, whereas S.690 creates a new 
administrative agency that would ac- 
tually conduct utilization research, which 
would lead to a “complete shake-up— 
and what good would that do?” He 
pointed out that it would cost a great 
deal more to put the Senate proposal 
into effect, for presumably all of the de- 
partment’s established bodies would be 
transferred to the new agency. Further- 
more, he added, under S.690 major 
problems would arise in the coordina- 
tion of research programs and in com- 
petition for personnel. 

These same views were expressed by 
Assistant Secretary of Agriculture E. L. 
Peterson when he testified this spring at 
hearings before the House Committee 
on Agriculture’s Subcommittee on Re- 
search and Extension, which was consid- 
ering 16 of the current bills. Peterson 
said: 

“We opposed S.4100 [last year’s identi- 
cal predecessor of S.690] because it 
would have created an unnecessary 
agency to parallel and duplicate an al- 
ready well-organized and well-established 
program in operation as a part of the 
total agricultural research effort. We be- 
lieve that the present organization is 
fully capable of carrying out any ex- 
panded research program the Congress 
may authorize. ... 

“Research on the development of 
new uses for agricultural products is now 
conducted in a separate unit in the De- 
partment of Agriculture. This unit has 
no other responsibilities. The utilization 
research unit is separately budgeted and 
separately directed, but its efforts are 
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coordinated with all other research in 
the Department through the Administra- 
tor of the Agricultural Research Service 
and an Assistant Secretary of Agricul- 
ture.” 


Senate Attitude 


Senator Capehart referred to the role 
of this “unit,” the four regional labora- 
tories, when he testified last year before 
the Senate Committee on Agriculture 
and Forestry on the six Senate bills on 
utilization research then pending. His 
remarks reflect the Senate opinion that a 
very large and spectacular separate pro- 
gram is the solution to the utilization re- 
search problem. Capehart said: 

“Now you will have people who will 
testify here that the Department of Ag- 
riculture now has four laboratories . . . 
doing this work, and I agree that they 
are doing a good job. But it is not good 
enough in my opinion... We must move 
faster, appropriate more money, and 
have more people do this work . . . This 
year it is costing the taxpayer approxi- 
mately $4 billion to support farm prices. 
It is costing another $365 million a year, 
a million dollars a day, to store the sur- 
plus.” 

This view was reconfirmed on 19 Au- 
gust by Secretary of Agriculture Ezra Taft 
Benson when he reported to the Presi- 
dent that the mounting wheat surplus 
would increase the federal government’s 
investment in that commodity to $3.5 
billion next year. In July there was a 
wheat surplus of 1.3 billion bushels, and 
this amount is expected to increase. The 
cost to the government was reported to 
be $1.5 million a day for interest, stor- 
age, handling charges, and transporta- 
tion. Although Benson presented these 
figures in support of a new economic 
program for agriculture, they constitute 
equally effective support for a utiliza- 
tion research program. 

In the past 4 years of utilization re- 
search discussion, a frequently used de- 
vice for emphasizing the urgency of the 
matter has been a comparison of the 
amounts industry and agriculture spend 
for research. Industry invests approxi- 
mately $3 billion a year in research, 3 
percent of gross sales. Agriculture in- 
vests some $375 million in research, 
about 1 percent of gross sales—and most 
of this is used to increase production. 
Federal and state governments spend 
$190 million of the total, of which no 
more than $18 million goes for utiliza- 
ion research. 

Nearly half the market for natural 
fibers—cotton, wool, flax, silk—has been 


4 SEPTEMBER 1959 


taken over by synthetic fibers. Two out 
of three pairs of shoes are now made 
partly or wholly of leather substitutes. 
As the Commission on Increased Indus- 
trial Use of Agricultural Products put 
it, “in recent years, agriculture has been 
researched out of a good part of its nat- 
ural markets.” The question is whether 
Congress will move this year—and, if 
so, in what direction—to increase the 
amount the government spends on utili- 
zation research for farm products. 





Modern Methods Used to 
Test an Ancient Device 

The Indian Government’s Central 
Road Research Institute has developed 


a wheel tester, shown here, for studying 


Ay, 


the efficiency and durability of bullock- 
cart wheel-axis systems. The irregular 
lower wheel recreates road conditions by 
reproducing bumps and abrasions for 
the upper wheel, which is being tested. 

The institute has a modern headquar- 
ters building in New Delhi that contains 
up-to-date research laboratories and fa- 
cilities for developing and testing equip- 
ment. The organization has a wide range 
of activities, including the following: 
fundamental research on road-construc- 
tion materials; soil mechanics studies; 
the development of standards and speci- 
fications for roads and _ road-building 
machinery; the design of road-testing in- 
struments; the investigation of road 
characteristics under various traffic con- 
ditions; and surveys of accident rates, 
traffic volume, and so forth. 





Old meets new: a modern efficiency test for an Indian bullock-cart wheel. 











Eclipse Expedition Goes to 
Canary Islands 


The U.S. National Committee for the 
International Geophysical Year of the 
National Academy of Sciences has an- 
nounced that a joint expedition from 
Sacramento Peak Observatory, Sunspot, 
N.M., and the High Altitude Observa- 
tory, Boulder, Colo., will observe a total 
eclipse of the sun on 2 October from a 
site in the Canary Islands off the coast 
of Africa. The expedition is being given 
logistic support by the Geophysics Re- 
search Directorate of the Air Force 
Cambridge Research Center. 

This expedition is one of four groups 
which will observe the eclipse as part 
of the follow-up to the International 
Geophysical Year known as Interna- 
tional Geophysical Cooperation—1959. 
The expedition will make a second at- 
tempt to carry out experiments that 
were unsuccessful because of cloud cover 
during last October’s IGY eclipse expe- 
dition to the Danger Islands in the 
Pacific. 

The location for this year’s observa- 
tion site was selected in part because it 
offered the best chance of clear weather. 
It is at the southern tip of Fuerteventura 
in the Canary Islands. The Spanish Gov- 
ernment has offered full cooperation. 

The Sacramento Peak—High Altitude 
Observatory group hopes to observe a 
spectacular but very brief eclipse phe- 
nomenon known as the flash spectrum. 
More than 2 years were spent in pre- 
paring the equipment for studying this 
event, which lasts a maximum of about 
50 seconds. 

The flash spectrum occurs both at the 
beginning and at the end of eclipse 
totality. Parts of the sun’s lower atmos- 
phere, which ordinarily look dark against 
the bright background of the sun’s disc, 
suddenly appear to flash out when the 
background is blocked off by the moon. 

Also conducting studies of the eclipse 
will be teams from the University of 
Minnesota, the University of Wisconsin, 
the National Bureau of Standards Boul- 
der Laboratories, and the Naval Re- 
search Laboratory. Paul Kellogg and Ed- 
ward Ney of the Minnesota group, work- 
ing in French West Africa, will seek to 
test their recently presented theory that 
the solar corona consists of trapped 
charged particles similar to the Van 
Allen radiation belt that rings the earth. 
Their work is supported by the National 
Aeronautics and Space Administration 
and the Office of Naval Research. 

Wisconsin scientists on the Canary Is- 
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lands ‘will attempt to compile maps of 
the sun’s corona and to obtain measure- 
ments farther out in the corona than ever 
before, in order to study change of tem- 
perature with height. Their project is 
supported by the National Science Foun- 
dation. 

Other observations to be made will 
seek to determine the effects of the 
eclipse on the radio-reflecting qualities 
of the atmosphere and changes in oxy- 
gen airglow emissions in the upper at- 
mosphere. Findings will be significant 
not only to basic research but also in 
preparation for future attempts to send 
instrumented rockets to the vicinity of 
the sun. 


AEC Announces Program To 


Develop Thermal Breeder Reactors 


The Atomic Energy Commission has 
initiated a long-range program to de- 
velop effective thermal breeder reactors 
that would make full use of the latent 
energy in thorium. Responsibility for the 
program, to be known as the Thermal 
Breeder Reactor Program, has been as- 
signed to the commission’s Oak Ridge 
Operations Office. 

Thorium is an element which when 
bombarded with neutrons is converted 
to fissionable uranium-233. It is more 
abundant in the earth than - natural 
uranium. However, there are fewer 
known reserves that can be exploited for 
commercial use than in the case of natu- 
ral uranium. 

A thermal breeder reactor is a reactor 
in which the nuclear chain reaction is 
sustained by neutrons moderated or 
slowed down to thermal (heat) energies 
and in which more fissionable material 
is produced than is consumed. In the 
initial loading of the thorium-uranium 
cycle, thorium is inserted in a reactor 
fuel with either uranium-235 or ura- 
nium-233, both fissionable materials. The 
chain reaction is sustained by the ura- 
nium while the thorium is converted to 
new uranium-233, The uranium-233 pro- 
duced is then available to replace the 
fissionable material use during the re- 
actor’s operation. 

The new program has as its objective 
the development of a thermal breeder 
reactor capable of converting thorium 
to fissionable fuel material at a doubling 
time of not more than 25 years. The 
term doubling time refers to the time 
necessary for a reactor to produce 
enough excess fissionable material to start 
up a second similar reactor. 





The new program also involves a re- 
orientation of work on the Fluid Fuel 
Reactor Program previously conducted 
for the commission by the Brookhaven 
National Laboratory (Upton, N.Y.) and 
the Babcock and Wilcox Company, 
Lynchburg, Va.) on the Liquid Metal 
Fuel Reactor (LMFR) concept and by 
the Oak Ridge National Laboratory 
(Oak Ridge, Tenn.) on the Aqueous 
Homogeneous Reactor (AHR) and 
Molten Salt Reactor (MSR) concepts. 
Much of the work on these projects has 
been directed toward the development 
of reactors of these concepts for the 
production of economic electric power. 
During fiscal year 1960, research and 
development on the AHR, MSR, and 
LMEFR concepts, except as applicable to 
the new program, will be discontinued 
and there will be a transferral of finan- 
cial support to the new program. 

The commission’s decision to reorient 
the Fluid Fuel Program towards imple- 
mentation of the Thermal Breeder Re- 
actor Program was based on the results 
of a study by a special task force of 
scientists and engineers convened by the 
commission in January 1959 to make a 
comparison of the reactor concepts in- 
cluded in the Fluid Fuel Program. As a 
result of task-force estimates of the 
power costs of large-scale fluid fuel re- 
actors and of the cost and scope of re- 
search and development compared with 
estimates for other reactor concepts in 
advanced stages of development, the 
commission concluded that there is little 
incentive for further development of 
fluid fuel reactors as an approach to the 
attainment of low-cost nuclear power in 
the near future. Therefore, the commis- 
sion decided to reorient its fluid fuel 
effort toward the use of the latent energy 
in thorium and natural uranium through 
a long-range development program. Be- 
cause all three of the fluid fuel reactor 
systems were found by the task force to 
be potentially capable of develoment as 
breeder reactors, the new Thermal 
Breeder Program may include one or 
more of the concepts included in the 
Fluid Fuel Program. 

In the initial phases, the new program 
will be a basic research and develop- 
ment effort and will include an evalua- 
tion of reactor technology to determine 
the most promising type of thermal 
breeder reactor for continued long-range 
development. Any work continued on 
present fluid fuel reactor concepts will 
be conducted in the framework of the 
broader Thermal Breeder Reactor Pro- 
gram. 
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Radiation Accident Described 


A report on the medical care of five 
men who received large doses of radi- 
ation from the Y-12 plant accident at 
Oak Ridge National Laboratory in June 
1958 has been released to the public by 
the Atomic Energy Commission through 
the Office of Technical Services, U.S. 
Department of Commerce. The publi- 
cation is called The Acute Radiation 
Syndrome: A Medical Report on the 
Y-12 Accident, June 16, 1958. (Order 
ORINS-25 from OTS, U.S. Depart- 
ment of Commerce, Washington 25, 
D.C., $1.) This report provides a gen- 
eral account that not only relates the 
medical developments but also attempts 
to describe the events just as they oc- 
curred. Clinical developments are pre- 
sented in rather complete detail. Sepa- 
rate sections give the results of serial 
hematological and biochemical studies, 
individual case histories, and a discus- 
sion of the acute radiation syndrome. 


Grants, Fellowships, and Awards 


General. The National Science Foun- 
dation has announced the Senior Post- 
doctoral and Science Faculty Fellow- 
ship programs. Awards will be made in 
the mathematical, physical, medical, 
biological, and engineering sciences. Also 
included are anthropology, psychology 
(excluding clinical psychology), and in- 
terdisciplinary fields (comprised of over- 
lapping fields among two or more sci- 
ences). Selected social sciences are also 
included, under the Senior Postdoctoral 
Fellowship Program. Names of success- 
ful fellowship candidates will be an- 
nounced on 7 December. 

To be eligible for Senior Postdoctoral 
fellowships, candidates must be citizens 
of the United States with special apti- 
tude for advanced training, and must 
have held the doctoral degree for at least 
5 years or have equivalent education and 
experience. Candidates’ qualifications 
will be evaluated by panels of scientists 
operating under the aegis of the National 
Academy of Sciences—National Research 
Council. Final selection of approxi- 
mately 75 fellows will be made by the 
foundation. 

The Science Faculty fellowships are 
awarded to college teachers of science, 
mathematics, or engineering who wish 
to improve their competence as teach- 
ers. These fellowships are open to any 
citizen of the United States who holds a 
baccalaureate degree or its equivalent, 
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has demonstrated ability and special 
aptitude for science teaching and ad- 
vanced training, has taught at the col- 
legiate level as a full-time faculty mem- 
ber for not less than 3 years, and intends 
to continue teaching. Applicants’ quali- 
fications will be evaluated by panels of 
scientists appointed by the Association 
of American Colleges, but final selection 
of approximately 300 fellows will be 
made by NSF. 

Annual stipends to a maximum of 
$12,000, adjusted to match as closely as 
possible the salaries of the recipients, 
will be awarded under both of these 
programs. Fellows may engage in study 
or research, or both, at any accredited 
nonprofit institution of higher education 
in the United States or at any accredited 
nonprofit foreign institution of higher 
education. A limited allowance to aid in 
defraying the cost of travel for a fellow 
and his dependents will also be avail- 
able. 

Application materials may be _ ob- 
tained from the Fellowships Section, 
Division of Scientific Personnel and 
Education, National Science Founda- 
tion, Washington 25, D.C. Completed 
materials must be received by 5 October. 

Teacher recognition. The National 
Science Teachers Association has an- 
nounced the Science Teacher Achieve- 
ment Recognition (STAR) awards pro- 
gram of 1960. STAR is conducted by 
NSTA under a grant from the National 
Cancer Institute of the United States 
Public Health Service. The purpose of 
the program is to encourage the develop- 
ment and reporting of new ideas in sci- 
ence in grades 7 through 12, thereby 
increasing the interest of high-school 
students in science. 

In the 1958 competition, 369 entries 
were submitted from 45 states and terri- 
tories. This year $13,500 in 56 awards 
will be given; in addition, certificates will 
be presented for entries which merit 
them. In previous years awards have 
been given for joint teacher-scientist en- 
tries. This year collaboration of scientists 
and science teachers will be encouraged 
by presentation of medallions to scien- 
tists who have conti.buted to award- 
winning entries. 

The competition is open to all science 
teachers in junior and senior high-school 
grades in public and nonpublic schools. 
The deadline date for submission of 
entries is 15 December. For further in- 
formation and entry blanks, write to the 
STAR ’60 Program, National Science 
Teachers Association, 1201 16th St., NW, 
Washington 6, D.C. 


News Briefs 


Britain’s Department of Scientific and 
Industrial Research has announced that 
His Royal Highness the Duke of Edin- 
burgh will open the new Ship Hydro- 
dynamics Laboratory at Feltham on 19 
October. The laboratory is an addition 
to the Ship Division of the National 
Physical Laboratory. The superintendent 
of the Ship Division is F. H. Todd, who 
returned to England in 1957 after 9 
years in the United States as technical 
director at the David Taylor Model 
Basin, Washington, D.C. 

* & 

The Atomic Energy Act of 1954 has 
been amended to require that the Atomic 
Energy Commission report to the Con- 
gress on an annual basis instead of semi- 
annually as heretofore. Therefore, the 
next formal report to Congress will be 
made in January 1960. 

* * * 

A 99-year lease for a 14-acre site at 
Seibersdorf, 19 miles east of Vienna, 
Austria, on which the International 
Atomic Energy Agency will erect a 
functional laboratory, has been granted 
to the agency by an Austrian atomic 
energy research association known as 
SGAE. The laboratory will be used for 
standardization of radioactive isotopes 
and preparation of standards in the field 
of radioactivity; calibration and adapta- 
tion of measuring equipment; quality 
control of special materials for nuclear 
technology; measurements and analysis 
in connection with the agency’s safe- 
guards program (to insure that nuclear 
materials obtained through the agency 
are used only for peaceful purposes) 
and its health and safety program; and 
in connection with services to member 
states. 

* * * 

A unique journal that contains 11 re- 
search papers by high-school students 
was published at the University of Colo- 
rado this summer. Editor Edwin M. 
Fields, assistant director of the Academic 
Year Institute at the university, has sent 
the pilot issue of the High School Science 
and Mathematics Journal to high-school 
libraries in Colorado and Wyoming. 

# 2 #@ 

Atomic Energy of Canada Limited has 
announced that four more cancer treat- 
ment machines, together with their co- 
balt-60 radiation sources, have been 
shipped to the People’s Republic of 
China. Two others were purchased from 
Canada last January. The total value of 
the shipments is $300,000. 
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Scientists in the News 


PAUL HOWARD-FLANDERS, a 
member of the Medical Research Coun- 
cil, Experimental Radiopathology Re- 
search Unit at Hammersmith Hospital, 
London, has been appointed associate 
professor of radiology at Yale Univer- 
sity School of Medicine. 

Also at Yale, RUSSELL J. BAR- 
NETT, formerly assistant professor of 
anatomy at Harvard University, has 
been appointed associate professor of 
anatomy. 


The Mary Soper Pope Medal of Cran- 
brook Institute of Science, Bloomfield 
Hills, Mich., for outstanding accom- 
plishment in the plant sciences, was 
awarded posthumously to KENNETH 
W. NEATBY, geneticist, at the 9th In- 
ternational Botanical Congress. 


LAURISTON C. MARSHALL, di- 
rector of Research of the Link Belt Com- 
pany, has been appointed associate tech- 
nical director of the Microwave Power 
Laboratory of Varo Manufacturing Com- 
pany, Inc., Garland, Texas. 


CHARLES H. TOWNES, professor 
of physics at Columbia University, will 
receive a Stuart Ballantine Medal from 
the Franklin Institute on 21 October for 
his development of the maser. 


WILLIAM E. ADAMS, James Nel- 
son and Anna Louise Raymond professor 
of surgery at the University of Chicago, 
has been appointed chairman of the uni- 
versity’s department of surgery. He suc- 
ceeds DWIGHT E. CLARK, who died 
24 July. 


NATHANIEL I. BERLIN, head of 
the metabolism service of the General 
Medicine Branch, National Cancer In- 
stitute, National Institutes of Health, 
Bethesda, Md., has been appointed chief 
of that branch. 


JOHN H. TALBOTT, professor of 
medicine at the University of Buffalo 
School of Medicine, has been appointed 
director of the American Medical Asso- 
ciation’s Division of Scientific Publica- 
tions and editor of the Journal of the 
American Medical Association. 


CHARLES F. SWINGLE, formerly 
of the U.S. Department of Agriculture, 
has been appointed head of the Arbo- 
retum of Tropical Agriculture of the 
newly established World Life Research 
Institute, Colton, Calif. 
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WILLIAM H. GOLDWATER, for- 
merly of the biochemistry branch, U.S. 
Naval Radiological Defense Laboratory, 
San Francisco, Calif., has joined the 
Division of Research Grants, National 
Institutes of Health, Bethesda, Md., as 
executive secretary of the Metabolism 
Study Section. 


HENRY ROBERTS, formerly group 
leader in charge of the chromatography 
section of the research and development 
division of the National Dairy Products 
Corporation, has been appointed senior 
research chemist at the Squibb Institute 
for Medical Research, section of analyt- 
ical and physical chemistry. 


ARNOLD M. BASS, assistant chief 
of the free radicals section of the Na- 
tional Bureau of Standards, has been ap- 
pointed chief of that section. He suc- 
ceeds HERBERT P. BROIDA, who is 
spending a year at Cambridge Univer- 
sity, England. 


JOHN J. KELLY, Jr., and LEON- 
ARD BRANDT have resigned as asso- 
ciate professors of medicine at the State 
University of New York Downstate 
Medical Center, Brooklyn. Kelly has 
been appointed director of medical edu- 
cation at Mercy Hospital, San Diego, 
Calif., and Brandt has been named phy- 
sician in chief of the Jewish General 
Hospital and director of medical re- 
search and lecturer in medicine at Ma- 
gill University, both in Montreal. 


NICHOLAS A. WEIL, former chief 
development engineer for the M. W. 
Kellogg Company, has been named di- 
rector of mechanical engineering re- 
search at the Armour Research Foun- 
dation of Illinois Institute of Tech- 
nology, Chicago. 


JOHN H. BUCKINGHAM, profes- 
sor of physical chemistry at Miami Uni- 
versity, Oxford, Ohio, has been ap- 
pointed chairman of the university’s 
department of chemistry. 


A research advisory committee com- 
posed of distinguished scientists from 
three universities has been named by 
Westinghouse Electric Corporation. 
Members of the committee are CYRIL 
S. SMITH professor of metallurgy at 
the Institute for the Study of Metals, 
University of Chicago; J. A. STRAT- 
TON, president of the Massachusetts 
Institute of Technology, and J. C. 
WARNER, president of the Carnegie 
Institute of Technology. 





Recent Deaths 


WILLIAM S. BOWEN, Westfield, 
N.J.; 73; founder and retired director of 
research, Bowen Engineering Company, 
North Branch, N.J.; holder of 25 pa- 
tients; 11 Aug. 

WILLIAM W. FRANCIS, Montreal, 
Canada; 81; medical historian, editor, 
and librarian of the Osler Library at 
McGill University; former editor of The 
International Journal of Public Health 
of the League of Red Cross Societies, 
Geneva; 9 Aug. 

NORMAN R. HAGEN, Washington, 
D.C.; 52; meteorologist at the U.S. 
Weather Bureau for 31 years and the 
bureau’s first public information coordi- 
nator; former president of the Mete- 
orological Telecommunications Com- 
mittee of the World Meteorological Or- 
ganization; 15 Aug. 

GEORGE H. HART, Davis, Calif.; 
75; dean emeritus of the University of 
California School of Veterinary Medi- 
cine, Davis; chairman of the department 
of animal husbandry from 1926 to 1948; 
2 Aug. 

WILLIAM A. HINTON, Canton, 
Mass.; 75; retired professor of bacteri- 
ology, immunology, and preventive med- 
icine of the Harvard Medical School; 
was the first Negro to be granted a pro- 
fessorship at the school; developed the 
Hinton test for detection of syphillis; 
8 Aug. 

HARVEY V. MOYER, Columbus, 
Ohio; 65; chairman of the department 
of chemistry and professor of analytical 
chemistry at Ohio State University; 
president of Phi Beta Kappa and Sigma 
Chi in 1946-47; 5 Aug. 

ETHEL E. PATTISON, East Hart- 
ford, Conn.; 69; seed analyst and former 
head of the International Seed Service, 
New York; 7 Aug. 

CORNELIUS P. RHOADS, Stoning- 
ton, Conn.; 61; director of the Sloan- 
Kettering Institute for Cancer Research 
and scientific director of the Memorial 
Center for Cancer and Allied Diseases; 
14 Aug. 

HARRY SPECTOR, Chicago, IIL; 
44; chief of the Nutrition Branch of the 
Quartermaster Food and Container In- 
stitute for the Armed Forces, Chicago; 
13 Aug. 

HSIEN WU, Boston, Mass.; 65; for- 
mer head of the biochemistry depart- 
ment at the Peiping Union Medical 
School in China; taught at Alabama 
University Medical School from 1949 to 
1953; codiscoverer of the Folin-Wu 
method of tracing termination of sugar 
in the blood system; 8 Aug. 
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Book Reviews 


On War. Raymond Aron. Translated 
from the French by Terence Kilmar- 
tin. Doubleday, New York, 1959. 
Cloth, 163 pp. $3.50; paper, 143 pp. 
$0.95. 


Raymond Aron is a brilliant French 
sociologist. He is also a talented publi- 
cist with a thesis, who writes less as a 
Frenchman than as a citizen of the West. 
His thesis is that as between preserving 
peace “by the threat of an increasingly 
horrible war” and minimizing unneces- 
sary violence by distinguishing between 
the different types of war, “the second 
is right and the first fatal.” 

It is not as a sociologist but as a pub- 
licist that he has written this tract for 
the times. As Aron says, “the sociologist 
is neither more nor less entitled than 
anyone else to indulge in these hazard- 
ous but necessary speculations” to dis- 
cover the other alternatives, “between 
peaceful discussion and mutual annihil- 
ation.” 

The scientist is specifically included 
in Aron’s assertion that “no one is quali- 
fied to give a positive answer to such 
questions” as the discovery of “a way 
out of the terror stalemate.” He refers 
at one point to “the physicists who have 
suddenly become aware of their respon- 
sibilities, though without acquiring a 
sense of history.” At another, in dis- 
missing world government as one of the 
alternatives between peaceful discussion 
and mutual annihilation, he declares 
that “the scientists who enjoin us to cre- 
ate the universal state or perish in a 
monstrous holocaust do not strengthen 
our will but drive us to despair.” 

The moral, then, is that no one— 
natural scientist, social scientist, or theo- 
logian, for that matter—can responsibly 
claim to derive broad policy from neces- 
sarily narrow expertise. When one pa- 
rades his policy preferences, he should 
be meticulous and self-disciplined in as- 
serting that the policies he favors are 
grounded in considerations into which he 
alone has insight. Experts’ insights into 
political problems are necessarily par- 
tial insights; they clarify policy choice, 
but they do not obviate the necessity for 
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choice. In our society the statesman and 
the publicist have the task of synthesiz- 
ing and integrating diverse technical, 
political, and moral considerations; the 
informed public, in turn, has the task 
of offering discriminating support to 
those whose policy prescriptions, so 
clarified, seem to make sense. Aron is 
the synthesizer, the integrator, and the 
man “with a sense of history” (which 
he thinks some experts lack). 

For Aron, the middle way between 
peaceful discussion and mutual annihila- 
tion requires the development of a func- 
tional equivalent for periodic inter- 
great-power, general, total war, which 
in our day would also be two-way ther- 
monuclear war. He gives short shrift to 
world-government proposals, sees lim- 
ited use for, or possibility of, disarma- 
ment by international agreement, and 
dismisses appeasement on the ground 
that it seldom appeases. What, then, is 
left? 

What is left is traditional diplomacy 
to achieve moderate objectives, backed 
by limited war capabilities—as well as 
by the retaliatory capability whose sin- 
gle purpose is to remove the temptation 
to the other side to embark on thermo- 
nuclear war. Moderation in diplomacy 
means fewer references to “massive re- 
taliation” and “brinkmanship” on our 
side, less atomic blackmail on the other. 
It is not “use of a certain weapon” but 
“desire for too grandiose a victory” that 
poses the threat of unlimited war. Mod- 
eration, says Aron, would have called 
for a halt at the 38th parallel after the 
successful landing at Inchon, and the 
world would have called it an American 
victory; it would not have called for 
abandoning Korea without a fight. To- 
day, in the era of approximate nuclear 
parity, moderation is a more obvious 
necessity than it was at the time of the 
Korean war. Massive retaliation and 
brinkmanship scared the allies of the 
United States far more than it scared 
our opponents. 

What else would Aron do differently? 
He would, for one thing, have the 
United States give atom bombs to its 
European allies, in order, first, by giv- 


ing these countries the power to retali- 
ate, to strengthen the atomic deterrent 
to an attack on Western Europe, and 
second, to reduce the sense of inequality 
among NATO members which is a 
strain on the alliance. (Perhaps Ray- 
mond Aron is a Frenchman after all, as 
well as a citizen of the West with a 
sense of history.) Apparently, no one 
else is to have the bomb, for he writes 
that if the “Big Two” were to impose 
“a condominium on mankind,” that 
“would be good luck indeed.” 

There are grounds for hope today. 
“The global balance,” he writes, “is not 
at the mercy of any partial or temporary 
disparity.” The “general balance of ter- 
ror” is fairly stable, since surprise is un- 
likely to be so effective as to preclude 
retaliation. A diplomatic incident, a@ la 
Sarajevo, is no longer enough to set off 
the chain reaction of the general war. 
In the era of thermonuclear bipolarity, 
neither side is eager to use its H-bombs 
to force a small power to stand up and 
be counted on its side. Guerrilla war, 
meanwhile, is a type of local war in 
which the distant great power can coerce 
only with the greatest of difficulty. The 
economic causes of war have practically 
disappeared. Aron might have added 
that the strategic advantage to be gained 
by territorial expansion and the acquisi- 
tion of a defensive glacis has practically 
disappeared too. 

There are grounds for fear, too. Im- 
moderate diplomacy, the acceptance of 
“war-as-destiny,” the belief that all is 
lost unless world government is estab- 
lished, another psychopath at the head 
of one of the perhaps inevitably increas- 
ing number of atom-bomb-possessing 
powers—all these are real dangers. They 
cannot, he believes, be absolutely elimi- 
nated; they can be minimized. 

WituaM T. R. Fox 
Institute of War and Peace Studies, 
Columbia University 


Birth Control and Catholic Doctrine. 
Alvah W. Sulloway. Beacon Press, 
Boston, Mass., 1959. xxiii+ 257 pp. 
$3.95. 


This is a challenging book, written 
by a Harvard-trained attorney, with an 
interesting preface by Aldous Huxley. 
Huxley points out the importance of 
the book and calls attention to the 
world-wide problem of overpopulation. 
He notes that uncontrolled fertility 
threatens thousands of millions of per- 
sons, now on earth and unborn, with 
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the loss of liberty and human dignity 
and with famine, pestilence, war, and 
enslavement. He believes that time is 
against us and that the longer we wait 
the harder it will be to save ourselves 
from biological, social, and individual 
disaster. 

The author examines the background 
of the Catholic Church’s position in re- 
gard to birth control. His thesis is pre- 
pared with the documented care that 
goes into the preparation of a careful 
legal brief. He shows how the laws 
against contraceptives evolved during 
the period of Victorian preoccupation 
with obscenity, only to be adopted by 
the Catholic Church 50 years later as 
its first line of defense against the birth- 
control movement initiated by Margaret 
Sanger and her small band of women 
coworkers, in 1914, Catholic authors 
attacked contraceptives as harmful mor- 
ally, medically, economically, and so- 
cially and attributed these dire conse- 
quences to the separation of intercourse 
and parenthood. However, the advent 
of physiologic means of child spacing, 
exemplified by the rhythm method, and 
the acceptance of this method by the 
church strike at the heart of the argu- 
ments advanced against the use of con- 
traceptives. The author concludes that 
the church has made a _ philosophical 
mistake in contending that natural law 
forbids the use of contraceptives and 
that it has been inconsistent in ap- 
proving birth control by physiologic 
means but disapproving artificial meas- 
sures. If a couple intends in good 
faith to have children and does have 
them, the primary procreative func- 
tion has been fulfilled, regardless of 
the method of birth control practiced 
in the interim. The author hopes that 
the church, legislating for Eternity, will 
reappraise its present view in the inter- 
ests of all mankind. 

This scholarly contribution can be 
read with thinking 
people. 


interest by all 
M. Epwarp Davis 
Department of Obstetrics 

and Gynecology, University of Chicago 


The State of Israel. L. F. Rushbrook 
Williams. Macmillan, New York, 
1957. 229 pp. Plates. $4.50. 


Of the many works that appeared 
around the tenth anniversary of the 
establishment of the state of Israel, Wil- 
liams’ State of Israel is probably the 
most useful as a general introduction for 
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the reader unfamiliar with the subject 
matter. The author gives a very brief 
summary of the history of the Zionist 
movement, goes quickly over the Arab- 
Israeli conflict, and then discusses at 
length the problems of absorption of the 
“ingathered” immigrants, the return to 
the land, the welfare state, internal poli- 
tics, and, finally, the relationships both 
with Israel’s Arab minority and with the 
surrounding Arab states. 

Williams acknowledges his indebted- 
ness to the authorities in Israel for help 
in preparing the book, and the treatment 
of Israel is sympathetic throughout. But 
this approach does not always serve 
him well in his attempt to convey a 
realization of Israel’s problems and of 
the efforts that are being made to solve 
them. In his chapter “Europe in Asia,” 
the tone is set by his finding of “an effi- 
cient precision about everything” in con- 
trast to the other new Asian states that 
he has recently visited. The contrast is, 
in my opinion, invidious. One of the 
reasons some Asian and African states 
are turning to Israel for technical assist- 
ance is that the latter represents a sort 
of halfway house between their own lack 
of development and the highly devel- 
oped European and North American 
economies. Israel has been, and still is, 
engaged in solving the very same prob- 
lems that confront these other states, and 
its experience is useful. One of the cen- 
tral issues is the productivity of the in- 
dividual worker in industry. This has 
been a considerable headache to the 
Israeli planners, and the problem has by 
no means been solved. While, in the last 
year, the productivity of the Israeli 
worker increased by approximately 5 
percent, the index is still well below that 
for the Western European worker. 

The chapter “Back to the land” is 
not really indicative of the current scene 
in Israel. A disproportionate amount of 
space is devoted to agriculture. This is 
the longest chapter of the book, and it 
has a curiously old-fashioned flavor, as 
if it had been written in the 1930's in- 
stead of in this decade. The real prob- 
lems in agriculture are not whether 
Israelis are attached to the land and are 
good farmers—that was proved so con- 
clusively so long ago that it is beside the 
point—but, rather, whether the kind of 
farming that is being done is best for 
Israel’s economy, and whether the pro- 
portion of people on the land may not 
actually already be too high. Israel is 
not alone in this latter respect. The 
United States, Egypt, and the U.S.S.R. 
all face the same question, to name only 
three. The other side of the coin—the 





industrialization of the state—is dealt 
with by Williams in rather summary 
fashion. Yet it is exactly here that Israel 
must make its greatest strides if it is to 
free itself from the need for perpetual 
subsidy. 

On the question of Israel’s Arab mi- 
nority, Williams states that all is for the 
best. This is hardly borne out by the 
facts. Even Ben-Gurion, who recently 
visited Arab villages, has promised some 
amelioration of, though not an end to, 
the military administration of Arab- 
populated areas. 

Twenty-seven excellent photographs 
illustrate the text. 

WiLuIAM SANDS 
Middle East Institute, Washington, D.C. 


Russian for the Scientist. John Turke- 
vich and Ludmilla B. Turkevich. Van 
Nostrand, Princeton, N.J., 1959. ix + 
255 pp. $5.95. 


The appearance of this text is a pro- 
pitious and timely event for Anglo- 
American scientists and teachers of Rus- 
sian. With the important exception of 
James W. Perry’s Scientific Russian pre- 
vious “scientific Russian’? manuals have 
merely provided succinct outlines of 
grammar, apparently on the assumption 
that scientific Russian is much easier 
for a scientist reading in his field than 
for the layman, and that scientists are 
so superior intellectually that they can 
bypass the ordinary plodding methods of 
other people in learning Russian. While it 
cannot be denied that the study of sci- 
entific Russian, in comparison with the 
study of general Russian, can be greatly 
streamlined, the average scientist will 
need a good deal of careful and. patient 
pedagogical help before he will be able 
to read Russian texts with any degree of 
competence or facility. In my opinion, 
Russian for the Scientist provides such 
help, amply and expertly. At the same 
time, it greatly simplifies the study of 
Russian for those who, for understand- 
able reasons, wish to concentrate their 
efforts on learning to read _ scientific 
texts, at the expense of other aspects of 
Russian. 

Basically, this grammar approaches 
the problem in somewhat the same 
fashion as do certain contemporary regu- 
lar Russian grammars. For example, it 
presents the cases of nouns one at a 
time and, in general, attempts (success- 
fully, I think) to introduce other gram- 
matical categories in proper pedagogical 
sequence, At the same time, there is a 
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good deal of justifiable telescoping—for 
example, in the simultaneous presenta- 
tion of the singular and plural of the 
cases. The explanations of grammar are 
usually clear and well illustrated, and 
they are often accompanied by some 
valuable original comments. There is an 
abundance of exercise material, and it 
appears to be adequate. As would be 
expected, the vocabulary is scientific 
from the outset, an especially good selec- 
tion having been made in the way of in- 
troductory material. Mention should be 
made of the final chapter, devoted to 
wordbuilding. 

The readings are possibly the out- 
standing feature of this book. Beginning 
with lesson 7, each lesson includes read- 
ings (with individual vocabularies) in 
four fields: aeronautical engineering, 
biology, chemistry, and physics. These 
readings have been drawn, with excel- 
lent judgment, from Soviet sources, and 
they should prove invaluable in helping 
students to acquire a basic vocabulary 
in these fields. I consider these readings 
attractive enough to warrant the use of 
this text as a supplementary “scientific 
reader” for students taking a traditional 
course in general Russian. The use of 
these readings in the classroom may pre- 
sent something of a problem for some 
teachers. I myself would prefer to work 
out some elementary readings in various 
scientific fields for classroom use; this 
would allow me to assign the textbook 
readings as outside reading, to each stu- 
dent according to his specialty or choice. 

Incidentally, the conscientious  stu- 
dent, studying by himself, should find 
this manual extremely helpful. The 
grammar by Perry will also be useful to 
such students, though I think they will 
find the Turkevich grammar less formi- 
dable and probably more attractive. 

If I were editing a second edition, I 
should make some minor changes, some 
of them deletions. I would omit the 
grammatical introduction completely 
and incorporate that material in the 
text; I question the value of introducing 
such material before the course is be- 
gun, Likewise I should prefer to see the 
paradigms on pages 19 and 26 omitted 
or, in any case, placed farther along; 
students who wish to see the complete 
paradigms in advance can consult the 
appendix. I feel the same way about the 
“Tense and aspect review” on pages 
128-31; this includes forms that have 
not been treated at that point. It is mis- 
leading to describe the accusative as ex- 
pressing duration of time for an action 
begun (page 28); actually, the accusa- 
tive can express duration in the past, 
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present, or future. Many students will 
find it difficult to understand why 
u30eraTb is a “negative verb”; it would 
be much better to omit it. On page 39 
an example (such as CNaAbHA, CnaneH) 
should be given for a nominative in -A 
with an inserted -e- in the genitive 
plural. On page 87 the prepositional 
singular of the type noun KpuTépuit has 
been omitted. It is misleading to de- 
scribe the perfective as the “tense of 
narration” (page 112); the imperfective 
aspect may also be used for narration. 
On page 136 the abbreviation kKng is 
not explained; it stands, of course, for 
KOIPUUMEHT NoNEsHOrO AéicTBUA. On 
page 141, line 3 should read, “if the 
stem ends in a vowel.” On page 144 the 
description of relative and interrogative 
pronouns as identical should be carefully 
limited to KTO and 410, On page 178 it 
would be helpful to give an example of 
the use of 66Abwe BCerd. On page 227, 
a more important meaning of 3aHUMATb 
is “to occupy,” and on page 228, OTHO- 
CUTbCA means “to refer to, to concern.” 

These are the misprints I found: On 
page 7 y¥eHou should be substituted for 
y4enHou and sapanee for 3apanbe. On 
page 52, read okucanénue for oxuCcAEHe. 
On page 57 the bottom line should read 
“~b becomes -bt0 in both columns.” On 
page 143, read o6baAcHAMTe for 6bA- 
cHAlite. On page 161, read cuabHO for 
Cunbno. On page 299, change npuk- 
NENT to NPUKAEMTD. 

There is a pressing need to teach as 
many of our scientists as possible to read 
Russian, the sooner the better. That is 
one of the reasons why I feel that we are 
indebted to John and Ludmilla Turke- 
vich for this excellent and important 
contribution. 

NorMAN HENLEY 
Johns Hopkins University and 
Goucher College 


Taschenbuch der Botanik. vols. 1 and 2. 
Walter Mevius. Thieme, Stuttgart, 
Germany (order from Intercontinen- 
tal Medical Book Corp., New York). 
vol. 1, 1959, 291 pp., $3.05; vol. 2, 
1958, 195 pp., $3.60. 


The first volume of the two “pocket 
books of botany” (actually they are 
much larger than the title indicates) 
deals with plant physiology, in a thor- 
oughly up-to-date manner. It includes 
reproductions of structural formulas of 
organic compounds and discussions of 
the physical chemistry of intricate life 
processes. The reader will be amazed to 





see, from this book, what an extensive 
background in the physical sciences is 
required of students of botany in Ger- 
many. 

The second volume, Plant Taxonomy, 
condenses into 188 pages a large amount 
of material, including numerous draw- 
ings. The material, naturally, has to be 
tightly packed, and the volume is there- 
fore more suitable for use as a reference 
manual than as a textbook. 

Francis JosEpH WEIss 
Arlington, Virginia 


The Far East. A modern history. Na- 
thaniel Peffer. University of Michigan 
Press, Ann Arbor, 1959. xviii+489 
pp. $7.50. 


Nathaniel Peffer, professor of interna- 
tional relations at Columbia University, 
has devoted a good share of a scholarly 
lifetime to the Far East. His book is a 
skillfully fashioned, well-written, intelli- 
gent guide to the background of China, 
Japan, and their neighbors. 

He sees China and Japan—particu- 
larly China—as the core of the Far East. 
He does his best to follow the main- 
streams of historical development, with- 
out diversions or inconsequential details. 
His book is not for the student cramming 
facts for an examination but for discern- 
ing readers who want to know and to un- 
derstand how the contemporary situation 
in East Asia came to be as complex and 
complicated as it is. 

Peffer gives the impression that he 
thinks while he writes. His is no dry 
chronicle. He has no pet theories to 
pawn, no prophecies to offer. His insight 
comes from hard work and careful study. 
He does not shy away from personal 
judgments. His views may arouse sharp 
disagreement, but they will always com- 
mand respect. 

His story is that of the intrusion of 
western traders, missionaries, soldiers, 
sailors, and diplomats into the ancient 
but changing East. He sketches the in- 
tricate patterns of the social fabric of 
traditional China and Japan and traces 
with infinite finesse the colorful but im- 
perfect designs which emerged (and are 
emerging) from a century of blending 
of East and West. The West had its his- 
torical moment of supremacy, only to 
recede in the backwash of World War 
II. 

As premises for his provocative con- 
clusions, Peffer makes some interesting 
suggestions about the importance of 
China (page 7), the spiritual health of 
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the Japanese people (page 31), the role 
of the Russians and communism in 
20th-century China (page 294), the in- 
fluence of Sun Yat-sen (page 306), the 
Communist victory in postwar China 
(page 443), and the stature of Chiang 
Kai-shek (page 444). 

He believes the East “yielded, recov- 
ered, and has now found its feet again, 
though it must grope slowly and pain- 
fully for new paths of life. Whether it 
finds them, and how and with what con- 
sequences both to itself and the outer 
world, will determine the shape of the 
history of the next hundred years” (page 
482). 

Ciaupe A. Buss 
Department of History, 
Stanford University 


Researches in Geochemistry. Philip H. 
Abelson, Ed. Wiley, New York; Chap- 
man and Hall, London, 1959. x +511 
pp. Illus. $11. 


This impressive volume on various as- 
pects of modern geochemical research 
presents 23 short essays that are the out- 
growth of a series of seminars held at 
the Geophysical Laboratory of the Car- 
negie Institution of Washington and at 
the Johns Hopkins University. Philip H. 
Abelson (director of the Geophysical 
Laboratory), editor as well as contrib- 
utor, has done an excellent job of bring- 
ing together in one volume some of the 
recent developments in the field of geo- 
chemistry. It would be presumptuous for 
one person to attempt to evaluate each 
contribution, for these essays cover a 
broad spectrum in the fields of chem- 
istry and physics applied to geology. I 
will, therefore, mention briefly the sub- 
jects discussed and offer some general 
comments on the volume as a whole. 

Geochronology of crystalline rocks 
based on the lead-uranium, rubidium- 
strontium, and potassium-argon meth- 
ods is reviewed by Tilton and Davis, 
Methods and evaluation of C1* age de- 
terminations are given by de Vries. Reed 
discusses the techniques and application 
of activation analysis, with special em- 
phasis on the U-Pb-Th-He abundances 
to explain the age discrepancies found 
for meteorites. Libby reports that the 
short half-life of the tritium produced 
in atomic bomb tests can be used to de- 
termine water balance and cycles in the 
atmosphere and ground water. Two ad- 
ditional review papers within the field 
of nuclear geology clearly show that iso- 
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tope ratios in naturally occurring mate- 
rials can be used to estimate tempera- 
tures of mineral formation and degree of 
chemical equilibria and, in some cases, 
may suggest genesis of certain mineral 
deposits. Epstein discusses 018/01° vari- 
ations as applied to thermometry and 
chemical equilibria, and Ault reviews 
the present data on S°?/S34 to show that 
fractionation can be directly tied to cer- 
tain geological processes. 

Two papers discuss theoretical limi- 
tations of the chemical environment dur- 
ing formation of ore deposits as related 
to the physical chemistry of the ore 
fluids. These are papers on magmatic 
gas phase, by Krauskopf, and on chem- 
ical environment of low temperature ore 
transport, by Barton. Thompson gives 
further theoretical treatment to meta- 
somatic processes and proposes applica- 
tion of the phase rule to this problem 
by assuming local equilibrium. The often 
overlooked problem of reaction rates 
and metastability in low-temperature 
and low-pressure environments is sum- 
marized by Garrels. 

Arrhenius discusses the source and 
history of pelagic sediments deposited 
on the ocean floor within the last 10,000 
years. Keith and Degens illustrate the 
possibility of distinguishing between an- 
cient marine and fresh-water sediments 
by use of trace-element ratios. The 
chemistry of the evolution of petroleum 
is treated by Hanson, and Abelson sum- 
marizes his recent researches on the 
stability of organic compounds during 
geological time. 

Reports on laboratory studies on syn- 
thesis of selected mineral groups play an 
important part in this book. Kullerud’s 
work on sulfide systems illustrates the 
rapid strides taken in understanding the 
physical-chemical relationships between 
the common sulfide minerals of ore de- 
posits. Experimental studies of carbonate 
systems are reported by Goldsmith. Boyd 
has overcome the difficult problem of 
hydrothermal synthesis of amphiboles, 
and his studies shed light on the pres- 
sure-temperature conditions of the am- 
phibolite facies. Eugster’s work on hy- 
drothermal synthesis of ferrous-ferric 
silicates illustrates the importance of 
reduction and oxidation in certain meta- 
morphic facies. The effectiveness of 
combining detailed mineralogical work 
with phase studies on specific geological 
problems is demonstrated in the paper 
by Milton and Eugster on mineral as- 
semblages of the Green River formation. 

MacDonald reviews the current con- 
cepts of the earth’s chemical composi- 


tion as deduced from seismic data, the 
abundance of the elements within the 
earth’s crust, meteorites, and the surface 
of the sun. He suggests that the earth 
has a composition similar to that of 
chondritic meteorites, with an iron-sili- 
con core and a chemically differentiated 
mantle whose composition lies between 
that of dunite and that of basalt. The 
role of high pressure on chemical equi- 
libria and transitions to denser poly- 
morphs below the earth’s crust is dis- 
cussed by Clark. Hawkes’ essay on geo- 
chemical prospecting describes the prac- 
tical application of geochemistry to the 
solution of geological problems. Chayes 
presents experimental evidence on dif- 
fraction effects of short-range ordering 
in layered sequences which may be a 
serious problem in determining tempera- 
ture-dependent order-disorder changes 
in the subsolidus regions of silicate sys- 
tems by x-ray diffraction techniques. 

These short articles average about 21 
pages each and contain a total of 859 
cited references. Unfortunately, there is 
neither an index nor a summary. The 
editing of this book is outstanding; I was 
unable to find any serious errors or omis- 
sions. Abelson’s efforts to compile this 
excellent collection of papers will be 
welcomed by workers in the field of geo- 
chemistry and by geologists who find it 
difficult to maintain contact with this 
modern research. An interesting aspect 
of this book is the emphasis placed on 
nuclear geology and thermodynamics by 
scientists in this country as compared to 
the Fennoscandian and Russian ap- 
proaches, wherein geochemical research 
is concerned mainly with the distribu- 
tion and abundance of elements in na- 
ture. This trend in the United States is 
undoubtedly related to the rapid ad- 
vances made in instrumentation as a re- 
sult of basic research in physics and 
chemistry. 

Abelson begins the preface by stating, 
“A major revolution in research activity 
in earth science has been going on for 
the past decade.” This revolution has 
left the geologist a little breathless and 
somewhat dismayed, but the papers com- 
prising this volume constitute a tremen- 
dous stimulation and challenge. These 
great advances in geochemistry and geo- 
physics now make it necessary for the 
geologist to close the widening gap be- 
tween concepts derived from laboratory 
research and theoretical analysis and the 
application of these concepts to field 
problems. These advances point clearly 
to the great need for more detailed in- 
formation on the mineralogy and petrol- 
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ogy of sedimentary, igneous, and meta- 
morphic rocks to supplement the theo- 
retical and experimental findings. Fur- 
ther experimental work in the fields cov- 
ered by the book demands a detailed 
geological framework to test conclusions 
and to provide guidelines. 

Rogsert G. CoLEMAN 
U.S. Geological Survey, 
Menlo Park, California 


Introduction to Human Anatomy. Carl 
C. Francis. Mosby, St. Louis, ed. 3, 
1959. 548 pp. Illus. + plates, $5.75. 


This is a textbook on human gross 
anatomy. The material is divided into 
five units. The first, “The body and body 
tissues,” contains chapters on the body 
as a whole, surface anatomy, and cells 
and tissues. The skeleton, joints, and 
muscles constitute the second unit, “Pos- 
ture and movement.” Unit three, “In- 
tegrative mechanisms,” is devoted to the 
nervous system, special sense organs, and 
the endocrine system. “Maintenance of 
the body tissues,” unit four, is the most 
extensive; it covers the circulatory, 
lymphatic, respiratory, digestive and 
urinary systems, plus the skin and sub- 
cutaneous tissues. The fifth unit, “Re- 
production,” is a discussion of the male 
and female reproductive systems. There 
is a glossary of anatomical terms, but 
the anatomical position is not defined 
in either the glossary or the text. The 
Basle Nomina Anatomica terminology is 
used almost entirely instead of the new 
anatomical terminology (Nomina Ana- 
tomica Parisiensia) adopted in Paris in 
1955. 

The book is well illustrated with black 
and white as well as colored figures, 
many of them drawn from actual speci- 
mens. Some of the statements are not 
strictly true—such as that the specific 
sex features in the skeleton are confined 
to the bony pelvis (page 113); that a 
healthy adult lung completely fills the 
pleural cavity (page 385); and that most 
of the abdominal organs are completely 
clothed by peritoneum (page 410). The 
descriptions given of the endocrine func- 
tion of the liver (page 42) and of the 
pineal body (page 302) are perhaps not 
wholly accurate. However, these are 
small points, and the book should be a 
useful text for teaching human anatomy 
to nonmedical students. 

F. Gaynor Evans 
Department of Anatomy, 
Wayne State University 
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Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Anthropology in the Armed Services: 
Research in Environment, Physique, and 
Social Organization. Papers read at the 
annual meeting of the Society for Ap- 
plied Anthropology, Syracuse University, 
3 April 1958. Louis Dupree, Ed. Social 
Science Research Center, Pennsylvania 
State Univ., University Park, 1959. 53 pp. 

Attitudes of Certain High School Sen- 
iors toward Science and Scientific Careers. 
Science Manpower Project Monogr. Hugh 
Allen, Jr. Teachers College, Columbia 
Univ., New York, 1959. 52 pp. $1.25. 

The Belcher Mound. A stratified Cad- 
doan site in Caddo Parish, Louisiana. 
Memoirs No. 16. Clarence H. Webb. Soc. 
for American Archaeology, Logan Mu- 
seum, Beloit College, Beloit, Wis., 1959. 
212 pp. $3. 

Bibliography of Monolingual Scientific 
and Technical Glossaries. Miscellaneous 
sources. Eugen Wiister. United Nations 
Educational, Scientific and Cultural Or- 
ganization, Geneva, 1959 (order from Co- 
lumbia Univ. Press, New York). 146 pp. 
$2.50. 

Bibliography on Public Administration 
in Turkey, 1928-1957. Selective and an- 
notated. Albert L. Sturm and Cemal 
Mihcioglu, Codirectors. Inst. of Adminis- 
trative Sciences, Univ. of Ankara; Gradu- 
ate School of Public Administration and 
Social Service, New York Univ., New 
York, 1959. 227 pp. 

The Birds of Isla Escudo de Veraguas, 
Panama. Misc. Collections, vol. 139, No. 
2. Alexander Wetmore. Smithsonian In- 
stitution, Washington, D.C., 1959. 27 pp. 

British Instruments. Directory and buy- 
ers’ guide, 1959. Scientific Instruments 
Manufacturers’ Assoc. and United Science 
Press Ltd., London, 1959. 322 pp. £2 2s. 

Closed-Circuit Television. Teaching in 
Washington County 1958-1959. Progress 
report. Board of Education, Hagerstown, 
Md., 1959. 50 pp. 

Crystal Structures. Suppl. 4, additions 
to chapters 9, 10, and 13-15, 1959. Inter- 
science, New York, 1959. Unbound pages, 
$22. 

Détecteurs de particules. Mécanisme et 
réalisation. Daniel Blanc. Masson, Paris, 
1959. 323 pp. F. 3900. 

Etude des sommes d’exponentielles. 
Publications de l'Institut de Mathématique 
de l’Université de Strasbourg. Laurent 
Schwartz. Hermann, Paris, 1959. 147 pp. 
F. 1800. 

Expert Committee on Nutrition, Joint 
FAO/WHO, Fifth Report. WHO Tech. 
Rept. Ser., No. 149. Food and Agricul- 
ture Organization of the United Nations, 
Rome, 1958 (order from Columbia Univ. 
Press, New York). 55 pp. $0.60. 

Foundations of Thermodynamics. With 
antitheses and disputation. Sven Svantes- 
son. Almquist & Wiksell, Stockholm, Swe- 
den, 86 pp. Kr. 12. 

General Zoology. Laboratory manual to 
accompany Moment’s General Zoology. 
H. Bentley Glass, Gairdner B. Moment, 
Neal A. Weber. Houghton Mifflin, Boston, 
Mass., 1959. 293 pp. $3.75. 





Geology of the La Venta Badlands, Co- 
lombia, South America. Publ. in Geologi- 
cal Sciences, vol. 32, No. 6. Robert W. 
Fields. Univ. of California Press, Berke- 
ley, 1959. 40 pp. $1. 

Intersociety Conference on Irrigation 
and Drainage, First. Conference theme: 
“Can man develop a permanent irrigation 
agriculture?” Conference sponsors: Amer- 
ican Society of Civil Engineers, American 
Society of Agricultural Engineers, and Soil 
Science Society of America in cooperation 
with International Commission on Irriga- 
tion and Drainage. Robert M. Hagan, Ed. 
U.S. National Committee, International 
Commission on Irrigation and Drainage, 
P.O. Box 7826, Denver 15, Colo., 1959. 
134 pp. $4.50. 

Japan, Three Epochs of Modern Edu- 
cation. Bull. 1959, No. 11. Ronald S. An- 
derson. U.S. Office of Education, Wash- 
ington, D.C., 1959 (order from Supt. of 
Documents, GPO, Washington 25). 219 
pp. $1.25. 

Manual of Scientific Russian. Thomas 
F. Magner. Prentice Hall, Englewood 
Cliffs, N.J., 1959. 101 pp. $3.95. 

The Nephrotic Syndrome. Proceedings 
of the 10th annual conference. Jack Met- 
coff, Ed. National Kidney Disease Foun- 
dation, New York, 1959. 283 pp. 

Open Doors, 1959. A report on interna- 
tional exchange. Inst. of International 
Education, New York 21, 1959. 50 pp. $1. 

Spring Lake Archeology. Science Bull. 
No. 3, pt. 3, “The Sorg Site,” Elden 
Johnson, 36 pp.; Science Bull. No. 3, pt. 
4, “The Vegetation of the Spring Lake 
Area,” Gilbert A. Leisman, 16 pp. Science 
Museum, St. Paul Inst., St. Paul, Minn., 
1959. $1 each. 

State Plans under the Library Services 
Act. Suppl. 1. Bulletin 1959, No. 17. 82 
pp. $0.35. Statistics of Public Libraries: 
1955-56. Biennial Survey of Education in 
the United States, 1954-56. Rose Vain- 
stein et al. 102 pp. $0.45. U.S. Office 
of Education, Washington, D.C., 1959 
(order from Supt. of Documents, GPO, 
Washington 25). 

The Succession of Life through Geo- 
logical Time. Kenneth P. Oakley and 
Helen M. Muir-Wood. British Museum 
(Natural History), London, 1959. 94 
pp. 5s. 

The Temperature of British Fish during 
Distribution in Summer. Torry Tech. 
Paper No. 1. G. H. O. Burgess, R. M. 
Cockburn, C. L. Cutting, W. B. Robb. 
Dept. of Scientific and Industrial Re- 
search, London, S.W.1, 1959. 55 pp. 
3s. 6d. 

Union Constitutions. Leo Bromwich. 
Fund for the Republic, New York 17, 
1959. 44 pp. 

Zoonoses, Joint WHO/FAO Expert 
Committee, Second Report. WHO Tech. 
Rept. Ser. No. 169. 82 pp. $0.60. Biologi- 
cal Standardization, Expert Committee, 
Twelfth Report. WHO Tech. Rept. Ser. 
No. 172. 44 pp. $0.30. Mental Health 
Problems of Aging and the Aged. WHO 
Tech. Rept. Ser. No. 171. 51 pp. $0.60. 
Notification of Communicable Diseases. 
A survey of existing legislation. 51 pp. 
$0.70. World Health Organization, Ge- 
neva, 1959 (order from Columbia Univ. 
Press, New York). 
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Fossil Canis from the Tar Pits 
of La Brea, Peru 


Abstract. New fossil material has been 
obtained from La Brea, Peru. Included in 
this material are remains of a large wolf- 
like canid which could not be referred to 
any living or fossil South American canine 
genus. Comparison with fossil canids from 
Rancho La Brea, Calif., shows that it 
closely resembles Canis (Aenocyon) dirus 
Leidy. 

During January and February 1958, 
an expedition from the division of zool- 
ogy and palaeontology of the Royal On- 
tario Museum, Toronto, excavated some 
tar pits at La Brea, which lies about 30 
miles southeast of Talara, Peru. The de- 
posit resembled that at Rancho La Brea, 
Calif. It was a matrix of sand consoli- 
dated by impregnation with asphalt. 
Within the matrix were found remains 
of invertebrates and vertebrates, pieces 
of wood, remains of various plants, and 
a few stones. The vertebrate fauna from 
the La Brea tar pits had a Pleistocene 
aspect. Remains of various animals were 
present; these are given here with ten- 
tative identification only (1): masto- 
don (Haplomastodon [Aleamastodon)) ; 
giant ground sloth (Eremotherium, 
Glossotherium, Scelidotherium); sabre- 
tooth cat (Smilodon); giant jaguar 
(Felis atrox?), horse (Equus [Amerhip- 
pus|); llama (Palaeolama); dire wolf 
(Canis [Aenocyon] dirus); field fox (Du- 
sicyon |Lycalopex|) glyptodon (Chla- 
mytherium); deer (Odocoiieus?) ; rodent 
(two forms, one mouse-size and one rat- 
size); various unidentified aquatic and 
carnivorous birds; two unidentified forms 
of chelonian; and one unidentified croco- 
dilian, 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 


564 


Reports 


An examination of the material devel- 
oped from the matrix during the first 6 
months and referable to the Canidae 
shows that there were at least two canids 
present—namely, a large wolflike form 
and a small foxlike form. The latter is 
comparatively rare, but seems to re- 
semble Dusicyon (Lycalopex) in _ its 
cranial characteristics. The wolflike crea- 
ture is well represented, there being at 
present four brain cases, a badly dam- 
aged skull, many mandibles in different 
degrees of completeness, one femur, 
three tibiae, five humeri, and two atlases 
in good condition, together with more 
or less fragmentary specimens of most 
of the other postcranial bones. All this 
material is stored in the Royal Ontario 
Museum. 

This wolflike creature was a massive 
animal with a marked sagittal crest pro- 
jecting posteriorly from the lambdoid 
area, an expanded nuchal crest, flattened 
and uninflated frontals, well developed 
carnassials, and wide zygomatic arches. 
The rostrum is relatively long, as is the 
mandible. The teeth are well spaced, 
with little or no overlapping or contact 
between premolars; there are heavy and 





deeply implanted incisors and heavy 
molars. The coronoid process of the 
mandible is well developed, no doubt as 
a result of the action of the same en- 
larged muscles which produced the de- 
velopment of the sagittal and nuchal 
crests. Likewise, the postcranial skeleton 
is massive, being slightly smaller than 
that of a timber wolf, but relatively 
heavier. The Peruvian wolf was a heavier 
animal than any of the living canids of 
South America and had different pro- 
portions. 

When the fossil specimens were com- 
pared with the figures and measurements 
for Canis nehringit Amegh. and Canis 
gezi Krag. (2), and for Canis dirus 
Leidy and Canis milleri Merriam (3), it 
was seen that the Peruvian form was 
closer to C. dirus than to any of the 
other three species. In Table 1 a com- 
parison of selected measurements for all 
four species and for various specimens 
of the Peruvian form are given. 

The figures in Table 1 for the Peru- 
vian material fall, in all cases but one, 
nearer to those for Canis dirus than to 
any of the others; in the one exceptional 
case the figure is closest to that for C. 
milleri. It is, therefore, evident that the 
Peruvian wolf is not closely related to 
the two fossil dogs described by Krag- 
lievich and Ameghino, and that it does 
not really resemble C. milleri, as the sin- 
gle dimension in which it is similar to 
C. milleri is insignificant when the other 
nine characters are taken into considera- 
tion. 

The Peruvian wolf and C. dirus re- 
semble one another in proportions, gen- 
eral curvature of the posteriorly project- 
ing lamboid, width of the zygomotic 


Table 1. Selected comparative measurements of Canis gezi, C. nehringi, C. milleri, C. 
dirus, and the fossil Peruvian canid from La Brea, Peru. Numbers in italics are specimen 
numbers and apply to all measurements listed below them. 





Dimensions (mm) 


C. C. neh- C.mil- 


Peruvian fossil 
material deposited 
at the Royal 


C. dirus 








aver leri Large Medium as Museum, 
oronto 
5120* 500* 11257+ 10856} 10834% 20538 
Condylobasal length 243 «236 223 282 267 13 8.) 
Width of rostrum above roots of C1 54 52 50.2 67.3 58.5 57.2 
Bizygomatic width 151 1751] 164.5 1609 
Width across postorbital processes 719 75 64 93.6 77.0 80.6 
2001§ 2009§ 2047§ 
Length of mandible 165 178 230 210.5 188.3 187.8 194.9 
Height of mandible at coronoid 70.5 82.5 91.3 87.0 82.2 83.4 
Depth of mandible below hypoconid of M, 32. 29 29.8 39.7 37.0 $6.2 939.7 
6297# 20448 
Length of femur 227 260.0** 241.877 256.8 
2017§ 20458 20468 
Length of tibia 227. 219 2374* 231.6++ 247.3 250.5 238.5 
2040§ 2041§ 2042§ 
Length of humerus 240** 217.9}+ 249.3 242.7 233.7 
2057§ 20588 
Width across wings of atlas 97.5 120.5** 110.4 112{ 








* Specimens in the Museo Nacional, Argentina. + Specimen in the University of California collections in 
vertebrate palaeontology (3). {Specimens of C. dirus from Rancho La Brea, after Merriam (3). § Peruvian 
fossil specimens in the Royal Ontario Museum, Toronto. {| Approximate measurements. # Measurements 
of Canis sp. in the Museo Nacional, Argentina, after Kraglievich (2). ** Measurements of various C. 
dirus limb bones after Merriam (3). ++ Means of various measurements of limb bones of C. dirus after 


Stock and Lance (4). 
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arches, and massiveness of the dentition. 
In no character was there a wide diver- 
gence between these two animals. On 
the other hand, the Peruvian fossil dif- 
fers from the illustrations of C. gezi and 
C. nehringi in the shape of the dorsal 
profile of the skull. In C. gezi and C. 
nehringi the frontals are inflated, as in 
many domestic breeds of dog. None of 
the La Brea specimens from Peru show 
this inflation. The rostrum is shorter and 
lighter in both C. gezi and C. nehringi 
than in C. dirus and is so constructed 
the P* seems to be set below and behind 
P? to give the suggestion of a “step 
down” from P* to P*. This condition 
is not clearly marked in C. dirus. 

Comparison of the postcranial skele- 
ton of C. dirus and that of the Peruvian 
fossil canid shows a striking similarity 
both in shape and dimensions, while the 
postcranial material of both C. gezi and 
C. nehringi is so scarce that little com- 
parison is possible. 

The conclusion resulting from this 
first investigation is that a large wolf- 
like creature existed in the Pleisto- 
cene of Peru and that this creature 
belongs within the genus Canis and is 
closely related to C. dirus of the Cali- 
fornian Pleistocene tar pits. Until further 
material has been developed from the 
matrix it is too early to state definitely 
whether it is identical with C. dirus or 
not, and it is proposed for the present 
to refrain from giving the Peruvian wolf 
a separate name, since its synonymity 
with C. dirus is a distinct possibility. 

C. S. CHuRCHER 
Department of Zoology, 
University of Toronto, 
Toronto, Ontario, Canada 
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Effect of Anxiety 
on the Akerfeldt Test 


Abstract. Acute anxiety episodes do not 
significantly alter the lag time of the Ak- 
erfeldt test, serum ceruloplasmin level, or 
serum ascorbic acid level in man. 


Ostfeld, Abood, and Marcus have re- 
cently reported that the concentration 
of ceruloplasmin in the serum of “dis- 
turbed” patients is significantly greater 
than the levels found in more “tranquil” 
patients (1). The primary behavioral 
characteristic of the disturbed patients 
which differentiated them from the less 
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Table 1. Lag times and slopes of Akerfeldt tests and serum ascorbic acid levels of 12 nor- 
mal subjects on four different occasions. (Means + standard deviations for six male and 
six female subjects. ) 











Assay 
, Lag time Slope Ascorbic acid 
Occasion (sec) (AO.D./sec) 


(mg/100 ml) 





M F M F M F 


1674162 3184118 





6223.1 INZES5  L39tC97 


Pre-hypnosis 70 + 0.70 


9 
Hypnosis 1634161 3174153 7.94+2.9 116+4+3.2 1.244088 2.53+0.67 
Hypnosis + 

anxiety 1634156 285+ 79 8.7423 11.543.4 1.28+0.76 2.67+0.66 
Post-hypnosis 1674162 302+129 104+7.4 126+4+4.1 1.29+0.72 2.60+0.48 


Table 2. Analysis of variance among the lag times, slopes, and ascorbic acid levels by 
sexes and occasions. 


Lag time Slope Ascorbic acid 
Variation df Ro Te a 
MSq. F MSq. F MSq F 
Between sexes 1 236,602 2.97 100.34 2.98 21.081 10.44* 
Between subjects in sexes 10 79,722 33.63 2.020 
Between occasions 3 796 =1.19 8.83 0.82 0.054 0.86 
Between occasions sexes 3 743 =«1.11 1.23 0.12 0.005 0.08 
Between occasions x subjects 
in sexes 30 668 10.71 0.062 
Total 47 





* Significant at better than the 5 percent level. 


disturbed group was their greater degree 
of anxiety. We have attempted to verify 
this claim by experimentally raising the 
anxiety level under hypnosis of a group 
of normal volunteers and measuring their 
ceruloplasmin level (along with several 
related biochemical variables) before, 
during, and after the experimental anx- 
iety state. A detailed description of the 
experimental subjects and the mode of 
their selection, the experimental design 
employed; the method of producing the 
experimental anxiety state during the 
hypnotic trance, and of the anxiety state 
achieved, has been reported elsewhere 


were employed as the blank. The lag 
time was taken as the time in seconds 
before oxidation of the substrate com- 
menced and was obtained graphically 
from the intersection of the two rate 
curves of the over-all reaction. As the 
index of ceruloplasmin concentration, 
the average slope of the substrate oxida- 
tion curve was chosen (change in optical 
density per second). Serum ascorbic acid 
was determined by the method of Mind- 
lin and Butler (4). Aprison and Grosz 
(5) have shown that the lag time is pro- 
portional to the ascorbic acid content of 
the serum. 
(Bi The results of our experiment are 
Blood samples were drawn from each given in Table 1. An analysis of variance 
subject on four occasions: (i) before for each variable by sex and occasion is 
hypnosis, (ii) during hypnosis, (iii) dur- given in Table 2. The female subjects 
ing the hypnotically induced anxiety exhibited a longer lag time, a greater 
state, and (iv) after hypnosis. Serum slope, and a larger ascorbic acid level on 
obtained from these samples was ana- each experimental occasion, but this ten- 
lyzed immediately for the delay in oxi- dency was significant only for the level 
dation of N,N-dimethyl-p-phenylenedi- of ascorbic acid. Although the lag time 
amine (lag time of Akerfeldt test) (3), for females is almost double that for 
the slope of the oxidation curve, and the males, the enormous variability of indi- 
concentration of ascorbic acid in the vidual response prevents this difference 
serum. The lag time and slope were from attaining the conventional 5 percent 
measured as follows: 1.5 ml of 0.1 per- confidence level. The female subjects 
cent N,N-dimethyl-p-phenylenediamine also manifest higher ceruloplasmin levels 
dihydrochloride was added to 1.5 ml of on every testing occasion, but here again 
serum, and the optical density at 552 mu statistical significance is not achieved. 
was determined in a Beckman DU spec- The greater ascorbic acid level of the 
trophotometer at 10-second intervals female subjects is most likely due to the 
until oxidation of the substrate was com- much greater ascorbic acid intake by 
plete. Serum and water (1.5 ml each) these subjects. The elevated ascorbic 
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acid levels of the female subjects are re- 
sponsible for the longer lag times of 
these same individuals. 

The effects of the various experimen- 
tal manipulations on each variable meas- 
ured are not significant. Despite a con- 
siderable increase in anxiety during the 
hypnosis plus anxiety occasion, the ceru- 
loplasmin level did not change signifi- 
cantly. The anxiety levels achieved re- 
sembled those seen in severely disturbed, 
hospitalized psychiatric patients. Plasma 
hydrocortisone levels determined on ali- 
quots of the blood samples drawn from 
the female subjects in this study were 
75 percent higher during the anxiety oc- 
casion than during the hypnosis occa- 
sion (2). 

The differences in conclusions between 
Ostfeld and his co-workers and ourselves 
concerning the effect of anxiety on serum 
ceruloplasmin level is not presently clear. 
They may reflect fundamental differ- 
ences in the kind of anxiety studied, in 
the assessment of anxiety, or perhaps in 
differential effects resulting from chronic 
as contrasted with acute anxiety. 

Haroitp PEersky 
Hanus J. Grosz* 
Institute of Psychiatric Research, 
Indiana University Medical Center, 
Indianapolis 
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Hybridization of Salmonella 
Species by Mating with 
Escherichia coli 


Abstract. A number of species of Sal- 
monella were fertile at low frequency as 
recipients in crosses with Escherichia coli, 
as evidenced by the isolation of lactose- 
positive hybrids possessing the Salmonella 
antigenic structure. A hybrid from an ini- 
tial mating, when crossed again with E. 
coli, behaved then as a high-frequency 
recipient strain. 

Genetic recombination in Escherichia 
coli, discovered by Tatum and Lederberg 
(1), and the fertility system involved in 
the mating between various strains of this 
species have been described in much de- 
tail (2). It is now apparent that a unilat- 
eral contribution of genetic material from 
the donor (Hfr, F*) strain to the recipi- 
ent (F, F*) takes place. Recently, Luria 
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Table 1. Salmonella species yielding Lac* recombinants in crosses with E. coli Hfr. 











Antigenic Recombination S 

Species structure frequency ee 
S. typhimurium TM-9 45.1271; 1,2 4x 10° P. R. Edwards 
S. typhimurium TM-9S'-2 4,5,12:4,1,2 1 10:* From TM-9 
S. typhimurium LT-7 1,4,5,12:1,1,2 Lig* E. Englesberg 
S. typhimurium HB 1,4,5,12:i,1,2 <A Mouse 
S. paraty phi B3 4.5,12:b,1;2 <0.” P. R. Edwards 
S. paraty phi B7 4,12:b,1,2 </1G"* P. R. Edwards 
S. abortus-equi 26 4,123 nx <i P. R. Edwards 
S. paratyphi C32 Vi6,7se51,5 PxWO” P. R. Edwards 
S. typhosa Ty2 Vi 9,12:d <0" A. Felix 
S. typhosa Ty2W OuizrG <10°* From Ty2 
S. typhosa H-901 —9,12:d <A? A. Felix 
S. typhosa 0-901 eo) Sale? A. Felix 
S. typhosa 643 Vi 9,12:d < it" A. Wolff 
S. typhosa 643L" Vi 9,12:d ixi0:* From 643L* 
S. strasbourg 148 9:d,1,7 <= 10° 


P. R. Edwards 





and Burrous (3) have reported recom- 
bination between E. coli and many Shi- 
gella species which acted as F strains in 
these matings. Attempted crosses between 
E. coli and Salmonella, however, were 
unsuccessful until Baron et al. (4) de- 
tected recombination at low frequency 
between E. coli and Salmonella typhimu- 
rium strain TM-9. Subsequently, a strep- 
tomycin-resistant mutant of TM-9 was 
isolated prior to mating, and this strain 
(TM-9S'-2) acted as a high-frequency 
recipient strain in matings with E. coli. 

As an extension to the studies with E. 
coli K-12, Lederberg (5), using an ap- 
propriate screening procedure, surveyed 
a large number of other strains of E. coli 
for genetic recombination. In a similar 
study, following the initial observations 
with S. typhimurium, we have examined 
other species of Salmonella for ability to 
act as recipients in crosses with E. coli 
K-12, employing the following proce- 
dure. 

The various Salmonella cultures were 
grown on nutrient agar plates, harvested 
after 18 hours’ growth, and washed three 
times with saline. The donor culture of 
FE. coli used was the strain of high 
frequency of recombination (Hfr) for 
lactose, isolated by Cavalli (6, 7). This 
culture was grown in Penassay broth, 
washed, and plated with each of the Sal- 
monella cultures at a ratio of one Hfr 
(donor) cell of E. coli to 20 Salmonella 
(potential recipient) cells on minimal 
lactose agar plates. This medium would 
not support the growth of the parent 
methionine-requiring (M~) E. coli Hfr 
cells or the parent lactose-negative (Lac”) 
Salmonella species in control platings of 
the parent cultures alone, but would re- 
veal methionine-independent lactose-pos- 
itive (M*Lac*) progeny. 

The results of this study have revealed 
that, in addition to the three strains of §. 
typhimurium (TM-9, LT-7, and HB) 
previously reported to be fertile by Baron, 


Carey, and Spilman (8), five strains of 
S. typhosa, two strains of S. paratyphi B, 
the Vi-containing East Africa strain of 
S. paratyphi C, S. abortus-equi, and S. 
strasbourg also gave rise to Lac* progeny 
which exhibited the antigenic character- 
istics of the parent Salmonella cultures. 
These strains and their antigenic struc- 
tures, according to. the Kauffmann- 
White schema (9), are listed in Table 1. 

No recombinants were obtained from 
approximately 70 other species or strains 
of Salmonella with the same or similar 
serotypes, although in some instances 
heavy background growth, probably due 
to reciprocal feeding of the mixed cul- 
tures, may have obscured the results. In 
any case, there appears to be no evidence 
for any association between known anti- 
genic components in the Salmonella 
tested and their ability to act as recipi- 
ents in these crosses. 

As a consequence of these and earlier 
experiments (4), it was assumed that 
populations of Salmonella cells generally 
are unable to act as recipients. For the 
sake of clarity, these cultures will be re- 
ferred to as F° strains. At a low frequency, 
the F° cells in the population of certain 
or, perhaps, many species of Salmonella 
mutate to or in some manner acquire the 
F- recipient state. These occasional 
F- cells in the F° population will mate 
with the Hfr E. coli. A hybrid which is 
isolated from an initial mating (E. coli 
Hfr x Salmonella) should, according to 
this concept, be F~ and, hence, capable of 
being mated again as a recipient strain 
to yield hybrids at a high frequency. Re- 
combination of such a strain should be 
detected also with the lower-frequency 
donor E, coli F* strains. The availability 
of a number of selective markers in S. 
typhosa strain 643 enabled us to test this 
possibility (70). A Lac* hybrid of strain 
643 was selected for further examination, 
since it still possessed the antigenic and 
biochemical manifestations (other than 
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lactose utilization) typical of its parent 
typhoid culture (//). 

This Lac* hybrid, referred to as strain 
643L*, still arabinose-negative (Ara‘), 
was again mated with the E. coli Hfr and 
also with an E. coli F* strain on minimal 
medium containing /-arabinose. Hybrids 
of the presumably F- strain 643L* ap- 
peared at a relatively high frequency in 
the Hfr cross and could also be detected 
in the F* cross, whereas the previously 
unmated F° strain 643 failed to yield any 
recombinants that were able to utilize 
l-arabinose. 

An opportunity to determine the fre- 
quency of recombination for Lac* oc- 
curred when Lac’ hybrids of 643L* were 
obtained from matings of this strain with 
a Lac Hfr strain of E. coli (12). These 
Lac’ hybrids, observed in the progeny of 
crosses selected on minimal /-arabinose 
medium, were able to recombine at a 
high frequency for Lac* when mated 
again with the Lac’ E. coli Hfr. The fre- 
quency of recombination found here (ex- 
pressed as the ratio of recombinants to 
the number of Hfr parent cells) was of 
the order of 1x10". This is typical of 
the frequency determined for the strepto- 
mycin-resistant mutant of S. typhimu- 
rium (TM-9S'-2), which is now consid- 
ered to have been a fortuitous isolation 
of an F strain from the population of F° 
cells of S. typhimurium TM-9 prior to 
mating (13). 

L. S. Baron 
W. M. SpILMAN 
W. F. Carey 
Division of Immunology, 
Walter Reed Army Institute of Research, 
Washington, D.C. 
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Radiation-Induced Crystallization 
of Sucrose 


Abstract. In the presence of gelatine, 
sucrose crystallizes after a relatively short 
time (minutes, hours) when exposed to 
the radiation of an x-ray tube with copper 
target, or of a medical microwave unit. 
The formation of sucrose spherulites, vis- 
ible with the naked eye, was observed. 


The crystallization of sucrose from 
water solutions is inhibited by various 
substances, such as gelatine, which both 
hinder the formation of crystal nuclei in 
supersaturated solutions and reduce the 
rate of crystal growth. When sweetened 
and fruit-flavored gelatine (Jello) is 
dried, the sucrose generally remains in 
“solid solution.” If crystallization does 
take place, a long period of time (weeks, 
months, or more) elapses before it is de- 
tected. Crystallization of sugar started 
to take place in a dried raspberry-flav- 
ored Jello, however, shortly after it was 
exposed to x-rays or microwaves. 

Figures 1A and 1B show the x-ray 


A 





diffraction patterns of Jello before and 
after a relatively long exposure to x-ir- 
radiation from a tube (copper target) 
operated at 40 kv and 20 ma. While only 
two amorphous rings appear before irra- 
diation (Fig. 1A), the presence of “Laue 
spots” in Fig. 1B indicates that a great 
number of small single crystals (approxi- 
mate size, 300 n) were formed during 
the 6-hour exposure. The crystals ob- 
tained were identified as sucrose by their 
powder pattern (J). Their size increased 
with the time of exposure. 

A similar effect was observed after the 
dried sample was irradiated by means of 
a 100-watt medical microwave unit 
(Raytheon, 4=12.5 cm) at a distance 
of approximately 5 cm. The originally 
transparent gelatine became opaque in 
a few (10 to 15) minutes, and the 
sucrose crystallized in spherical aggre- 
gates consisting of radially arranged 
needles barely visible with the naked 
eye (Fig. 2). The x-ray diffraction pat- 
tern of these spherulites (Fig. 1C), ob- 
tained with a small pinhole (100 u di- 





Fig. 1. X-ray diagrams. (A) Before irradiation; (B) after irradiation; (C) sucrose 
spherulite. (CuKa-irradiation ; plane film; specimen-film distance, 15 mm.) 
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Fig. 2. Sucrose spherulites (polarized light, crossed Nicols). (About x 30) 











ameter) in the Norelco micro diffraction 
camera, is almost identical to a rotating 
crystal diagram. The long dimension of 
crystal needles, corresponding to the 
“rotation axis” of the diagrams, coin- 
cides with the b axis of the monoclinic 
elementary cell of sucrose (2). 

The observed crystallization is similar 
to the “recrystallization” of Al,O, under 
the influence of ionizing radiation. Ac- 
cording to Baskin and Semerchan (3), 
exposure to an electron beam or to hard 
x-rays increases the rate of crystal growth 
and makes the production of Al,O, sin- 
gle crystals possible. 

Although the formation of sucrose 
spherulites was surprising, it can be un- 
derstood in view of the fact that micro- 
scopic spherulites of many substances 
have been observed during recent years, 
for instance in organic high polymers 
such as polyamides, polyesters, polyethyl- 
ene, and rubber (4); spherulites of 
graphite have been observed in cast iron 
(9), and so on. Apparently the presence 
of foreign substances affecting the super- 
ficial tension of the medium from which 
crystallization takes place greatly influ- 
ences the crystal habitus and causes the 
spherulitic growth of sucrose. 

G. Susicu 
A. O. Kine 
L. M. Docuiort1 
Pioneering Research Division, 
Quartermaster Research and Engineering 
Center, Natick, Massachusetts 
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Photosensitive Site in Lettuce Seeds 


Abstract. Red light is effective only in 
promoting germination of Grand Rapids 
lettuce seeds, and far-red light is effective 
only in inhibiting it, when the hypocotyl 
half of the seed is exposed to the light. 
It is concluded that the photoreceptor is 
probably located in the tip of the hypo- 
cotyl. 


In recent years studies of the effect 
of light on the germination of photosen- 
sitive seeds have been focused upon the 
photoreversibility of the reaction between 
red and far-red light (1). The photore- 
ceptor has been considered to be a pig- 
ment system which changes its absorbing 
form with red and far-red light and 
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Table 1. Effect of 2 minutes’ illumination with red or far-red light on half-exposed Grand 
Rapids lettuce seed. Red illumination was given at 2 hours and far-red at 3 hours follow- 
ing illumination with red at 2.5 hours (all times were measured from the beginning of 




















imbibition). 
Germination (%) 
‘ ta: Seed with 
Exposed Normal seed: irradiation for fruit coat 
pers off: irradi- 
10 sec 30 sec 2 min 5 min — 
2 min 
Red light 
Hypocotyl 55 89 93 88 98 
Cotyledon 7 8 16 17 42 
Whole seed 63 96 96 98 100 
None 4 6 5 4 28 
Far-red light after red illumination of the whole seed 
Hypocotyl 14 2 1 
Cotyledon 91 74 41 
Whole seed 1 5 2 
89 93 


None 92 


which may be identical with the system 
mediating other photoreversible reac- 
tions in plants (2). However, few at- 
tempts have been made to locate the 
actual site of the light-absorbing system 
in the seed. Klein and Preiss (3) re- 
ported that if the seeds are turned over 
between the illumination with red and 
far red, so that the two exposures are 
given to opposite sides, then the germi- 
nation-promoting effect of the red is still 
reversed by the far red, and vice versa. 
Since very little light could be trans- 
mitted through the seed, these results 
raise the question of possible diffusion of 
the photoreceptor or of photoproducts 
across the seed tissue. However, these 
experiments did not show which mor- 
phological unit it is that reacts to the 
incident light. In the following para- 
graphs (4) it is shown that the light- 
absorbing system is present in the hypo- 
cotyl half of the seed, but not in the 
cotyledon half. 

The seeds used were those of Lactuca 
sativa var. Grand Rapids, supplied by 
Breck’s (Boston, Mass.). Fifty seeds 
were soaked in a 9-cm petri dish on two 
layers of black filter paper (Schleicher 
and Schiill No. 2490) with 5 ml of dis- 
tilled water in darkness at 25°C. Since 
preliminary experiments had shown that 
a dark purple dye coming out of the 
filter paper inhibited the germination of 
the seeds considerably, the filter paper 
was washed thoroughly with running 
tap water for 24 hours beforehand. After 
1.5 hours of imbibition, each seed was 
carefully covered with a piece of alu- 
minum foil by means of a pair of fine 
forceps, under a green safe-lamp (20- 
watt fluorescent lamp filtered through 
two layers each of yellow and green cel- 
lophane), either the cotyledon half or 
the hypocotyl half of the seed being left 
uncovered. Completely covered and un- 
covered seeds were prepared as controls. 


The procedure took 20 to 25 minutes; 
the safe-lamp was known to produce 
very little effect on germination in this 
time. Exactly 2 hours after the beginning 
of imbibition, all seeds were irradiated 
for varying times up to 5 minutes with 
red light (100-watt incandescent lamp 
filtered through a Corning Signal Red 
glass filter, placed 25 cm above the level 
of the seeds). Similar experiments were 
run with seeds whose fruit coats had 
been removed, except that 25 seeds were 
used per petri dish instead of 50. Im- 
mediately after the red irradiation, the 
piece of aluminum foil was quickly re- 
moved from the seed, lest suppression of 
the respiration of the seed interfere with 
germination. 

For experiments with far-red light, a 
100-watt reflector flood lamp, with 
Corning glass filter No. 7-69 (2600) (50 
percent transmission at 742 mu) placed 
25 cm above the level of the seeds, was 
used. After 2.5 hours’ imbibition in the 
dark, all seeds were given 2 minutes’ 
irradiation with red light, as discussed 
above, to induce germination. Either the 
cotyledon or the hypocotyl half of each 
seed was then covered with aluminum 
foil, and far-red light was given for vari- 
ous periods of time exactly 3 hours after 
the beginning of imbibition. After the 
light treatment the aluminum foil was 
quickly removed from the seed, as be- 
fore. 

Table 1 shows the results of the ex- 
periments, each reading being the aver- 
age from two dishes. These results show 
that red light promotes gemination when 
only the hypocotyl is exposed almost 
as well as it does in control seeds which 
are wholly exposed. Similarly, far-red 
light inhibits germination whether the 
whole seed or only the hypocotyl is ex- 
posed. Exposure of the cotyledons, on 
the other hand, has little effect, since 
germination is about the same as that of 
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the dark control, whichever light is used. 
The small extent of germination follow- 
ing longer irradiation with red light (2 
and 5 minutes), or the corresponding in- 
hibition following longer irradiation with 
far red, can be explained as the effect 
of scattered light due to the long expo- 
sure. Seeds from which the fruit coats 
have been removed show essentially the 
same behavior as the normal seeds with 
fruit coats on. 
A number of reports on light-sensi- 
tive seeds have indicated that the seed 
covering restricts germination in dark- 
ness mechanically and that its integrity 
determines the light sensitivity of the 
seed (5-7). In lettuce the presence of 
the intact endosperm layer or “seed- 
coat” has been shown to be necessary 
for the light sensitivity of the seeds 
(5, 7). This, however, does not neces- 
sarily mean that the endosperm is the 
light-sensitive site. Should the pigment 
system be in the endosperm layer, its 
presence must evidently be limited to 
the half which covers the hypocotyl, but 
since that is the part of the seed which 
elongates in germination, it seems more 
reasonable to conclude that the photo- 
receptor pigment is present in the hy- 
pocotyl itself. That the photoreceptor 
should be close to the extreme tip of the 
seed would, of course, give a simple ex- 
planation of the observation of Klein and 
Preiss (3), since this is the only part 
which can receive light from either di- 
rection. 
It can, therefore, be concluded that 
the light-sensitive site is either in the 
seed covering at the hypocotyl end, or, 
more probably, in the tip of the hypo- 
cotyl itself. The hypocotyl would thus 
be not only the site of elongation but 
also the region of light sensitivity. 
Hirosui IkuMA 
KennetH V. THIMANN 

Biological Laboratories, Harvard 
University, Cambridge, Massachusetts 
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Magnitude of the Moon 
Illusion as a Function of 
the Age of the Observer 


Abstract. The diminution in the appar- 
ent size of an object when viewed over- 
head as compared with its apparent size 
in the horizontal plane is greater for chil- 
dren than for adults. This relationship, of 
which the well-known moon illusion is a 
special case, is interpreted to be a conse- 
quence of the normal development of size 
constancy. 


The relatively small perceived size of 
the moon when seen in elevation as com- 
pared with its large appearance at the 
horizon is one of the oldest recorded 
visual phenomena. Since the angle sub- 
tended by the moon’s disk is actually 
somewhat smaller at the horizon, the 
striking difference in its perceived size 
has been referred to as the “moon illu- 
sion.” A number of explanations have 
been offered for this phenomenon (1). 
It is the purpose of this report to at- 
tempt to relate the moon illusion to 
normal processes of perceptual develop- 
ment. To this end, the magnitude of the 
effect was determined for adults as well 
as for children of various ages. 

Schur (2) has demonstrated that the 
essential feature of the illusion, that is, 
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the change in apparent size as a func- 
tion of elevation, holds not only for 
celestial but also for terrestrial objects. 
She projected a spot of light on the 
ceiling of a large room and asked adult 
subjects to adjust the size of a similar 
spot of light, at the same viewing dis- 
tance but projected on a vertical screen 
at eye level, to match the overhead 
light. Under these conditions, the disk 
viewed overhead appears smaller than 
the one viewed in the horizontal plane. 

We have repeated this experiment in 
a darkened theater at a viewing distance 
of 35 feet and also outdoors by extend- 
ing a disk, parallel to the ground, from 
the roof of a building 85 feet high. In 
both experiments, the subjects sat di- 
rectly below the overhead disk and com- 
pared its size with that of a similar disk 
in the horizontal plane at the same view- 
ing distance. The subjects observed bin- 
ocularly with unrestricted head, eye, 
and neck movements. In every case the 
disk in the horizontal plane judged 
equal in apparent size to the overhead 
disk was physically smaller than the 
overhead disk. Nineteen adults and nine- 
teen children ranging in age from 4 to 
11 years served in the outdoor experi- 
ment. The data plotted in Fig. 1 present 
the matched size of the horizontal disk 
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Fig. 1. Matched size of a comparison disk in the horizontal plane which was judged equal 
in apparent size to an overhead disk 20 inches in diameter. Open circles represent values 
for individual children. The mean for 19 adults, with the limits for one standard devia- 


tion, is given by the solid circle. 
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as a function of the age of the observer. 
On this plot, a correct size match would 
fall. on the horizontal line representing 
20 inches, ‘the size of the overhead disk. 
It can be seen that all subjects under- 
estimated the overhead disk and that 
the amount of underestimation is a func- 
tion of the age of the subject. The 
youngest children demonstrate an un- 
derestimation of about 50 percent, this 
value decreasing with increasing age to 
about 16 percent for the adult subjects. 

These data were corroborated by the 
indoor experiment in which 10 children 
and 10 adults participated. The adults 
underestimated the overhead disk by 
19.1 percent, and the children, who 
ranged in age from 5 to 8 years, by 32 
percent. In both experiments the data 
for the adults are comparable to those 
obtained by Schur. In addition, the ef- 
fect is seen here to be related to the age 
of the subject, the diminution in appar- 
ent size of the overhead disk increasing 
with decreasing age of the observer. 

It is our interpretation that these re- 
sults can be related to normal percep- 
tual processes as indeed must be the 
case for all illusions. Since the moon il- 
lusion is a special case of the percep- 
tion of size, any explanation of this ef- 
fect must be in terms of the processes 
which generally subserve size perception. 

It is a remarkable achievement of the 
human visual system that the apparent 
size of objects tends to be perceived cor- 
rectly despite extensive changes in the 
dimensions of the corresponding retinal 
image resulting from variation in view- 
ing distance. Although the mechanisms 
underlying this biologically important 
phenomenon, referred to in the psycho- 
logical literature as size “constancy,” 
have not been completely identified (3), 
the effects are clear. Size constancy re- 
sults from a “correction” such that the 
greater the viewing distance for an ob- 
ject subtending the same visual angle— 
that is, producing the same sized retinal 
image, the larger the object will appear 
(4). The ability to make this correction 
for objects located near to the observer 
is good for both adults and children so 
that, for a given retinal image size, per- 
ceived size is proportional to distance. 
However, as the observation distance is 
increased, this correction is no longer 
complete, and especially so the younger 
the subject. Presumably the ability to 
make a size correction for distantly 
viewed objects depends on experience 
(9). 

Such results for size perception in 
general suggest that the moon illusion 
may be a consequence of the fact that 
human beings have more experience 
with objects in the horizontal than in 
the vertical plane, and thus make a 
larger size correction for an object sub- 
tending the same visual angle—for ex- 
ample, the moon—when viewed horizon- 
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tally. Since children have less experience 
with distantly viewed objects, especially 
when viewed directly overhead, the mag- 
nitude of the moon illusion is greater the 
younger the observer. Thus the moon il- 
lusion is interpreted as resulting from a 
normal developmental process, namely 
the dependence of the magnitude of the 
size constancy correction on experience 
(6). 

H. Lersowirtz 

T. HartMan* 
Department of Psychology, 
University of Wisconsin, Madison 
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Self-Regulation of Brain-Stimulating 
Current Intensity in the Rat 


Abstract. A modification of the self- 
stimulation technique of Olds enabled rats 
to regulate and maintain at a preferred 
level the amount of brain-stimulating cur- 
rent they received as reinforcement for 
lever pressing. The method used two 
levers to deliver brief brain shocks: each 
response at one lever increased the cur- 
rent intensity a small step and each re- 
sponse at the other lowered it one step. 

It is well established that animals will 
work to stimulate certain portions of the 
brain electrically (1). This self-stimu- 
lation technique has considerable prom- 
ise as a tool for investigating the central 
nervous system actions of many vari- 
ables. Olds has reported, for example, 
that food deprivation, castration, or 
drugs will selectively change the base- 
line rates of self-stimulation of particu- 
lar brain structures (2). 

The present report describes an elabo- 
ration of the self-stimulation technique 
in which animals are furnished with the 
means to regulate the amount of brain- 
stimulating current they receive as re- 
inforcement. The new method thus per- 
mits a continuous determination of the 





preferred intensity of stimulation, and 
at the same time gives the rate of self- 
stimulation as before (3). 

The animals were trained in a small, 
sound-resistant box with two levers in 
one wall. Operations of either lever de- 
livered brief brain shocks. A two-way 
stepping relay provided 24 equal cur- 
rent steps (from 0 to approximately 50 
ma, depending on the electrode imped- 
ance) by introducing appropriate resist- 
ances into the stimulating circuit. Re- 
sponses at one lever drove the stepper 
forward, producing brain shock rein- 
forcements of increasing intensity, and 
responses at the other stepped it back, 
decreasing the intensity. Any current 
level, once established, could be main- 
tained by alternating responses between 
the levers. 

Continuous records of the amount of 
current selected were drawn by a record- 
ing potentiometer whose input voltage 
was controlled by the two-way relay 
through an auxiliary bank of resistances 
(4). A cumulative response recorder and 
impulse counters simultaneously pro- 
vided records of the self-stimulation rate. 

The stimulating current was supplied 
from a pulse-pair generator similar to 
that described by Lilly et al. (5). The 
relatively noninjurious wave form had 
positive and negative peaks each 50 usec 
in duration and separated by 200 usec. 
A brain-shock reward consisted of a train 
of pulse-pairs 50 to 100 cy/sec in fre- 
quency and fixed in duration at either 
0.25 or 0.5 sec; the stepper could not be 
reoperated until a train was delivered. 
Optimal values of frequency and train 
duration varied for different animals and 
were selected experimentally. 

The subjects were male albino rats 
with bipolar electrodes (0.01-in. plati- 
num wires, twisted together and insulated 
except at the tips) permanently im- 
planted in rhinencephalic, hypothala- 
mic, and midbrain tegmentum sites (6). 
In preliminary training, the animals prac- 
ticed conventional _ self-stimulation— 
either lever gave brain shocks of a fixed, 
moderately reinforcing intensity. After 
the self-stimulation rates had stabilized, 
the rats were required to alternate be- 
tween the levers to obtain the fixed-in- 
tensity electrical stimulus (one 2-hour 
session). 

Training in regulating the current fol- 
lowed on the next day. Most animals 
learned readily how to control the in- 
tensity of the stimulation, and variabil- 
ity decreased rapidly with practice. As- 
sistance from the experimenter early in 
training—for example, raising the cur- 
rent when it was driven down and held 
at zero, or lowering it when punishing or 
convulsive levels were approached— 
greatly facilitated the process. 

Sample records of several consecutive 
hours of current regulation by two well- 
trained animals are shown in Fig. 1. 
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Five-minute periods of self-stimulation 
were alternated with 5-minute rest peri- 
ods during which the stimulator and the 
box lights were turned off. Resetting the 
current to zero in the rest periods re- 
quired the animals to recover the pre- 
ferred intensity at the start of every 
stimulation period and provided a strin- 
gent test of regulating ability. 

Current regulation may be observed 
to be good in both cases, although the 
levels selected tended to rise somewhat 
during the experimental sessions. Both 
the amount of current preferred and the 
width of the self-selected intensity band 
were stable for many weeks and, after 
sufficient “warm-up,” even following 
long breaks in training (7). 

The self-selected intensity level was 
always well above the reinforcing thresh- 
old; usually it was higher than most ex- 
perimenters would care to assign under 
the conventional fixed-intensity proce- 
dure. Exaggerated and even violent 
motor activity was often produced by 


the intensities selected, and after a ses- 


sion of a few hours an animal generally 
was physically exhausted and wet with 
saliva. 

The effect on intensity regulation of 
manipulating the frequency of the stimu- 
lating current for a rat with an electrode 
in the midbrain tegmentum is depicted 
in Fig. 2. Similar experiments with other 
animals employing a limited range of 
frequencies (25 to 150 cy/sec) indicate 
that increases in frequency lead to the 
selection of smaller intensities, and de- 
creases in frequency lead to higher in- 
tensities. The fact that animals tend to 
compensate for frequency changes in one 
direction by selecting intensities in the 
opposite direction suggests that self-regu- 
lation is based on a preferred energy of 
stimulation. 

Some of the neural mechanisms that 
may underlie current-regulating _ per- 
formance may be discussed briefly. In- 
creasing the intensity of the stimulating 
current train has at least two important 
effects: (i) the probability or frequency 
of activation of neurons in the stimulat- 
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Fig. 1. Current intensities selected throughout an experimental session by two well-trained 
rats. (Top) Graph for rat F-49, with electrode in midbrain tegmentum. In the 90- to 180- 
min segment of the graph, the arrow marks an example of the current-maximizing be- 


havior described in (7). (Bottom) Graph for rat F-41, with electrode in the lateral hypo- 
thalamus. The arrow in the 0- to 90-min segment of the graph indicates a period of no 
response during which the stimulating leads were untangled. The self-stimulation rates 
were quite constant throughout the sessions and averaged 34 per minute for rat F-49 and 


42 per minute for rat F-41. 
4 SEPTEMBER 1959 


= RAT G-6l -8-1-8 
= 500 : : 





= 375 
= 25.0) 


Fa) OF ions —t50eps 100 eps + 50eps —+—100cps—4 











Fig. 2. Changes in the self-selected inten- 
sity level induced by manipulation of the 
frequency (pulse-pair repetition rate) of 
the stimulating wave form. The data at 
the end of the experiment are unreliable, 
owing to the physical exhaustion of the 
animal. 


ing field is increased; and (ii) the effec- 
tive stimulating field is enlarged to in- 
clude new elements. On the assumption 
that animals will work to maximize the 
firing of positively reinforcing cell 
groups, it may be expected that, within 
physiological limits, the greater the cur- 
rent the better. That intermediate inten- 
sities are favored may be due, in part, 
to the spreading of stimulation with large 
currents to inhibitory or negatively re- 
inforcing regions. 

It follows from this that the amount 
of current selected to stimulate a posi- 
tively reinforcing site will depend im- 
portantly on its proximity to negative 
cell groups. According to mapping stud- 
ies of Olds (2, 8), negative reinforcing 
effects are localized caudally in the rat 
brain; hence, smaller currents should be 
selected to stimulate caudal rewarding 
sites (for example, hypothalamus and 
midbrain tegmentum) than rostral sites 
(for example, septum and cingulate cor- 
tex). 

Preliminary findings suggest that this 
is the case. Electrodes in the region of 
the septum produced poor regulation— 
for the most part, the current was in- 
creased until convulsions occurred (9). 
Even more compelling evidence was pro- 
vided by an animal (rat F-49) with both 
an anterior electrode in the cingulate 
cortex (just rostral to the septum) and 
a posterior electrode deep in the mid- 
brain tegmentum. Cingulate perform- 
ance consisted mainly of intensity in- 
creases to convulsion-producing levels 
(usually 40 to 50 ma), although at the 
tegmental site the animal self-regulated 
expertly (10). 

It is anticipated that the self-regula- 
tion technique will be useful in a variety 
of situations. Some data have been col- 
lected already on the effects of drugs; 
and to suggest one other example, it 
seems feasible, by stimulating other brain 
sites during self-regulation in a particu- 
lar structure, to obtain information con- 
cerning relations of facilitation and in- 
hibition between central structures. 

Larry STern* 
Oakey S. Ray} 
Administration Research 
Laboratories in Neuropsychiatry, 
Leech Farm Road, Pittsburgh, Pa. 
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Simple Method for Determining 
Potential Evapotranspiration 
from Temperature Data 


Abstract. A value for the total amount 
of water that, theoretically, could be lost 
from soil and vegetation through evapo- 
ration and transpiration, if sufficient soil 
moisture were always available, may be 
obtained readily by multiplying a given 
time-period factor by the sum of time-unit 
means of positive centigrade temperatures 
divided by the number of time units in 
the period. 


Potential evapotranspiration from 
areas of natural vegetation may be de- 
termined from temperature records alone 
by the use of the following formula: 


’ / Unit period 
Potential 8 of time 
evapotrans- — 38.95 No. of units 
piration of time in 
(in mm) 1 yr 


Comparative plant growth 
mean temperature (°C) 


Solved values for the first bracket for 
periods of time normally used for de- 


572 


termining potential evapotranspiration 
are as follows: 1 year, 58.93; month of 
31 days, 5.00; month of 30 days, 4.84; 
month of 28 days, 4.52; and 1 day, 0.16. 
For leap years, monthly values would be: 
31 days, 4.99; 30 days, 4.83; and 29 
days, 4.67. 

For tropical and subtropical regions 
(except at high elevations) for all peri- 
ods, and for other regions for periods 
when temperatures do not drop below 
0°C, mean temperatures, as usually re- 
corded or published, are represented by 
the value within the second bracket. For 
periods of time which include recorded 
temperatures below 0°C, the compara- 
tive plant growth mean temperature 
must be obtained in a different manner. 
The latter mean temperature was util- 
ized as one factor for determining plant 
formations or life zones in a chart pub- 
lished in 1947 (1), and is considered to be 
the mean temperature of greatest sighi- 
ficance to vegetation, and to be directly 
comparable in terms of plant life with 
the mean at any other point on our 
planet. The comparative plant growth 
mean temperature equals the sum of the 
average positive temperatures in degrees 
centigrade per unit of time, divided by 
the total number of these units of time 
in the period of the mean. 

Thus, the mean annual temperature 
to be utilized in the formula equals the 
sum of the mean monthly temperatures 
above 0°C divided by 12. The monthly 
mean equals the sum of the daily méans 
above 0°C, divided by the number of 
days in that particular month. ‘The daily 
mean equals the sum of the hourly 
means above 0°C, divided by 24. At 
stations where mean daily temperatures 
are determined as one-half the sum of 
the maximum and minimum tempera- 
tures, such means are satisfactory except 
for days when the minima are below 
0°C; on such days half of the maximum 
temperature, if it is positive, may be 
used as the daily mean. 

Determination of potential evapotran- 
spiration from temperature values alone, 
without need for data on precipitation 
or other climatic factors, is possible be- 
cause of the two following considera- 
tions. 

1) The potential evapotranspiration 
rate at a given temperature decreases 
proportionately along the gradient of in- 
creasing precipitation from arid to wet 
areas, so that the product of the evapo- 
transpiration rate and the mean annual 
precipitation is the same all along the 
gradient. This is reflected in the regu- 
larity of the pattern of changes in physi- 
ognomy between the single climatic 
plant associations of each of the forma- 
tions along the precipitation gradient. 

2) Local variations in edaphic and at- 
mospheric factors sufficient to cause an 
appreciable change in either evapora- 
tion or transpiration, or in both, are 





counterbalanced by the different physi- 
ognomies of the natural vegetation, de- 
veloped in the past through evolutionary 
processes, which bring the actual evapo- 
transpiration into equilibrium with the 
potential evapotranspiration rate and 
the moisture available. These variations 
are reflected in the diversity of aspect 
and lack of regularity of the pattern of 
changes of the physiognomies of the 
(usually several) edaphic, atmospheric, 
and hydric associations of the same plant 
formations along the moisture gradient. 
L. R. Hotpripce 
Technical Cooperation Program, 
Organization of American States, 
San José, Costa Rica 
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Decrease in Threshold 
without Depolarization 
in Cyanide-Treated Muscle 


Abstract. When smooth muscle of My- 
tilus is treated with relatively weak so- 
lutions of sodium cyanide, a transitory 
hyperpolarization or no change in po- 
larization precedes final depolarization. 
Thresholds for thermal, chemical, and 
electrical stimulation are all decreased 
during this period. Strength-duration 
curves indicate a reversible decrease in 
threshold of about 50 percent during this 
period. 


As an outgrowth of investigations into 
the nature of the mechanism of the cool- 
ing stimulus in smooth muscle of Mytilus 
(1), we decided to examine the relation- 
ship between inhibition of respiration by 
metabolic poisons and the effects of these 
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Fig 1. Strength-duration curves for (A) 
normal Mytilus muscle in sea water; (B) 
the same muscle after treatment for 1 hour 
in 5mM NaCN; and (C) the same muscle 
subsequently allowed to recover for 1.5 
hours in sea water (intensity of threshold 
square wave pulses in microamperes versus 
duration in seconds). The rheobase is de- 
creased after treatment with cyanide, and 
this effect is partially reversible in sea 
water. The resting potential, which usu- 
ally returned to the normal value after 
recovery in sea water, did not do so in this 
particular muscle, perhaps because of rela- 
tively long treatment with cyanide. 
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poisons on the threshold to cooling (2). 
Resting potentials, recorded between 








nary the depolarized and experimental end of 
‘apo- the muscle, were amplified and led to 
| the one channel of a dual-channel rectilinear 
and galvanometric recorder, as in previous 
tions studies. Changes in tension were detected 
spect by a sensitive isometric transducer (3) in 
mn. of a bridge circuit, amplified, and led to 
the the second channel of the recorder. The 
eric, same electrodes were used for stimulat- 
plant ing and for recording potentials. 
lient. We realized, of course, that prolonged 
RIDGE treatment with sufficiently high concen- 
trations of metabolic inhibitor would de- 
press the resting potential irreversibly. 
Also, since it had been found in studies of 
this muscle that any agent which resulted 
in subthreshold depression of the resting 
potential enhanced the effect of cooling, 
it was obvious that one should expect 
that an interference with respiration 
would ipso facto decrease the threshold 
to cooling stimulation or to a chemical 
stimulus such as the application of potas- 
sium ion. This was indeed found to be the 
case. 

However, we noticed that, in treat- 
| My- ment with sodium cyanide, the eventual 
k s0- depression of the resting potential was 
sitory preceded by a period in which either no 
| po- change in potential occurred or an in- 
ation. itial marked but transitory rise in rest- 

and ing potential developed if 1 or 2.5 
eased or even 5 mM solutions of NaCN in sea 
or water were used. This raised the question 
» this of the significance of the change to mus- 
, cle excitability. 

In 1952 Ling (4) carried out a similar 
; into study. He investigated the effects of me- 
cool- tabolic inhibitors upon the resting poten- 
ytilus tials of frog muscle and found that 5 mM 
ation- NaCN, which did not in itself produce a 
on by significant fall in resting potential in frog 
these muscle, greatly hastened the fall in rest- 

ing potential caused by 5 mM iodoace- 

tate if the cyanide and the iodoacetate 

as. were simultaneously applied. Following 

this lead in our studies of invertebrate 

muscle, we found that during the initial 

treatment with cyanide, the threshold 

amount of cooling necessary for con- 
| 
r (A) 
; (B) 
| hour 
nuscle 
wr 1.5 
eshold 
versus 
is de- 
e, and 
in sea 
1 usu- 

after 
in this 
f rela- 
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Fig. 2. Resting potentials, in millivolts 
(A), and rheobase, in microamperes (B), 
versus time, in hours, for Mytilus muscle 
treated with 5mM NaCN and allowed to 
recover in sea water. In this muscle, the 
time course of development of hyperpo- 
larization mirrors the decrease in rheobase. 


traction of Mytilus muscle was also de- 
creased. It was also possible to poten- 
tiate the stimulating effects of the potas- 
sium ion by means of this procedure, 
which does not, in the concentra- 
tions used, decrease the membrane 
potential but, rather, usually enhances 
it. 

The phenomenon of a decrease in 
threshold unaccompanied by depolariza- 
tion was felt to be of sufficient interest to 
merit further study. Consequently, in or- 
der to investigate changes in excitabil- 
ity quantitatively, the classical strength- 
duration curves were determined, first 
on normal muscle in sea water and then 
on the muscle during treatment with 
NaCN. Resting potential values were 
recorded concurrently. 

It is clear that on treatment with 
NaCN, a decrease in threshold (5), un- 
accompanied by membrane depolariza- 
tion, occurs, and that this effect is par- 
tially or completely reversible (depending 
upon the duration of treatment with cy- 
anide) when the muscle is returned to 
sea water (Fig. 1). In Fig. 2, determina- 
tions of the rheobase and subsequently 
recorded resting potentials in another 
muscle are plotted against time. A cor- 
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relation between degree of hyperpolari- 
zation and decrease in threshold evident 
in this experiment was encountered in 
many cases. 

Hodgkin and Keynes (6) found that 
cyanide reduces the rate of sodium efflux 
in cephalopod axons, but this is not the 
case in frog muscle (7). 

In Mytilus muscle, the situation is 
doubtless a complex one and may well 
involve changes in the concentrations of 
ions inside and outside the fibers, and 
changes in charge as well as changes in 
membrane permeability. One might at- 
tempt to explain the hyperpolarization 
in terms of movements of ions or water. 

It is true that depolarization is nor- 
mally the first step in excitation. How- 
ever, the use of cyanide or some other 
agent may possibly affect a link in the 
chain of events further along than de- 
polarization, and thus activate the con- 
tractile process (8). 

Rira GutrMaNn 

SAMUEL M. Ross 
Department of Biology, Brooklyn College, 
Department of Physiology, 
State University of New York 
College of Medicine, New York, and 
Marine Biological Laboratory, 
Woods Hole, Massachusetts 
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e Energy Commission plans to reprocess 
Meetings in existing AEC facilities spent fuels 
from civilian reactors until such service 
Nuclear Fuels is available from private industry. 

The symposium will be open to pri- 
vate reactor operators, fuel fabricators, 
AEC and AEC-contractor personnel, for- 
eign visitors, and certain other manage- 
ment and technical personnel. Manage- 


The U.S. Atomic Energy Commis- 
sion, in cooperation with AEC -contrac- 
tors, will sponsor a 2-day symposium for 
management and technical personnel on 
the reprocessing of nuclear fuels, in Rich- 
land, Washington, 20-21 October. The 
symposium is designed to renew the 
technology currently available for re- 
processing spent fuels from research, 
test, and power reactors. The Atomic 


ment and technical personnel wishing to 
attend the meeting may obtain details 
from the program coordinator, Mr. J. T. 
Christy, Hanford Operations Office, 
U.S. Atomic Energy Commission, Rich- 
land, Wash. 
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International Conservation 


The seventh general assembly and 
technical sessions of the International 
Union for Conservation of Nature and 
Natural Resources will be held in War- 
saw, Poland, 14—24 June 1960, with field 
trips both during and after the assembly. 
The Polish Government promises excel- 
lent arrangements. The program will in- 
clude an introductory session on “The 
Impact of Man and Modern Technology 
on Nature and Natural Resources.” Pes- 
ticide problems will be considered in ses- 
sions under the title “Ecological Effects 
of the Biological and Chemical Control 
of Undesirable Plants and Animals,” 
and there will also be papers on “Man- 
agement of, Wild Grazing Animals in 
Temperate Zones and Its Relation to 
Land Use.” 

Those wishing to receive detailed an- 
nouncements of the Warsaw meeting 
may write to the Secretary-General, 
IUCN, 31 rue Vautier, Brussels, Bel- 
gium. Correspondence may also be di- 
rected to either of the two U.S. mem- 
bers of the executive board of the union 
—Harold J. Coolidge, National Research 
Council, Washington, D.C., and Edward 
H. Graham, Soil Conservation Service, 
Washington, D.C. 


Animal Care Panel 


The 10th annual meeting of the Ani- 
mal Care Panel will be held at the 
Sheraton Park Hotel, Washington, D.C., 
29-31 October. Some 500 research work- 
ers interested in the care of laboratory 
animals are expected to attend. Pro- 
grams and information may be obtained 
from Mr. Burton Hill, Animal Care 
Panel, NAS-NRC, 2101 Constitution 
Ave, NW, Washington 25, D.C., who is 
in charge of advanced registration. The 
price of the hotel rooms will be $9 sin- 
gle and $15 double. 

Many movies about laboratory animal 
care have been filmed in the last few 
years. A number of these movies have 
been selected by the Program Commit- 
tee and they will be shown continuously 
each day in the area adjoining the ex- 
hibit hall. The formal program will con- 
sist of six sessions of four papers each. 
There will be about 70 commercial ex- 
hibits and a large number of scientific 
exhibits. 


Logic, Methodology, 
and Philosophy 


An International Congress for Logic, 
Methodology and Philosophy of Science 
will be held at Stanford University from 
24 August to 2 September 1960 under 
the auspices of the International Union 
for History and Philosophy of Science. 
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The congress will be organized into the 
following sections: mathematical logic; 
foundations of mathematical theories; 
philosophy of logic and mathematics; 
general problems of methodology and 
philosophy of science; foundations of 
probability and induction; methodology 
and philosophy of physical sciences; 
methodology and philosophy of biologi- 
cal and psychological sciences; method- 
ology and philosophy of social sciences; 
methodology and philosophy of lin- 
guistics; methodology and philosophy of 
historical sciences; and history of logic, 
methodology, and philosophy of science. 
The proceedings will consist of a num- 
ber of invited addresses, in addition to 
brief contributed papers. The closing 
date for submission of abstracts of con- 
tributed papers is 1 March 1960. Infor- 
mation may be obtained by writing to 
Prof. Patrick Suppes, Serra House, 
Stanford University, Stanford, Calif. 


Forthcoming Events 
October 


1-4, American Soc. of Industrial De- 
signers, Asheville, N.C. (Mrs. R. R. La- 
risch, ASID, 15 E. 48 St., New York 17.) 

4-7. American Inst. of Mining, Metal- 
lurgical and Petroleum Engineers, fall, 
Dallas, Tex. (E. O. Kirkendall, AIMMPE, 
29 W. 39 St., New York 18.) 

4-9. Society of Motion Picture and 
Television Engineers, semi-annual conv., 
New York, N.Y. (C. S. Stodter, SMPTE, 
55 W. 42 St., New York, 36.) 

5-7, Aeronautical Communications, 5th 
symp., Utica, N.Y. (L. G. Cumming, Inst. 
of Radio Engineers, 1 E. 79 St., New York 
21.) 

5-7. Chemical Engineers, annual, Es- 
sen, Germany. (Dr. Miessner, VDI- 
Fachgruppe, Verfahrenstechnik, Rhein- 
gauallee 25, Frankfurt-am-Main. ) 

5-7. National Assoc. of Corrosion En- 
gineers, Northeast regional, Baltimore, 
Md. (T. J. Hull, NACE, 1061 M & M 
Bldg., Houston, Tex. ) 

5-8. American Acad. of Pediatrics, 
Chicago, Ill. (E. H. Christopherson, 1801 
Hinman Ave., Evanston, IIl.) 

5-9. American Soc. of Anesthesiologists, 
Bal Harbour, Fla. (J. W. Andes, 188 W. 
Randolph St., Room 1101, Chicago, Ill.) 

5-9. Audio Engineering Soc., 11th an- 
nual, New York, N.Y. (AES, P.O. Box 12, 
Old Chelsea Station, New York 11.) 

5-10. Society of Automotive Engineers, 
aeronautical meeting and aircraft manu- 
facturing forum, Los Angeles, Calif. (R. 
W. Crory, Meetings Operation Dept., 
SAE, 485 Lexington Ave., New York 17.) 

5-16. Institute of the Aeronautical 
Sciences, biennial Anglo-American conf., 
New York, N.Y. (R. R. Dexter, IAS, 2 
E, 64 St., New York 21.) 

6. American Assoc. of Poison Control 
Centers, 2nd annual, Chicago, Ill. (A. 
S. Blank, AAPCC, Connecticut State 
Dept. of Health, Hartford 15.) 

6-8. Aeronautical/Astronautical Prob- 
lems of High Speed Flight, Stanford, 
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Calif. (E. Haynes, Deputy Director, Aero 
Sciences Directorate, Air Force Office of 
Scientific Research, Washington 25.) 

6-9. High Temperature Technology, 
intern. symp., Asilomar, Calif. (Public 
Relations Office, Stanford Research Inst., 
Menlo Park, Calif. ) 

7-8. Advanced Propulsion, 2nd symp. 
(classified), Boston, Mass. (Lt. Col. P. 
Atkinson, Propulsion Div., Air Force 
Office of Scientific Research, Washing- 
ton 25.) 

7-9. Vacuum Technology, symp., Phila- 
delphia, Pa. (American Vacuum Soc., Box 
1282, Boston, Mass. ) 

7-11. International Conv. on Nutrition 
and Vital Substances, 5th, Konstanz- 
Zurich, Switzerland. (Secretary General, 
Benmeroderstrasse 61, Hannover-Kir- 
chrode, Germany. ) 

8-10. American Assoc. of Textile 
Chemists and Colorists, natl. conv., Wash- 
ington, D.C. (G. P. Paine, AATCC, P.O. 
Box 28, Lowell, Mass.) 

8-10. American Ceramic Soc., Bedford, 
Pa. (F. P. Reid, ACS, 4055 N. High St., 
Columbus 14, Ohio. ) 

8-10. American Soc. of Tool Engineers, 
semi-annual, St. Louis, Mo. (H. E. Con- 
rad, ASTE, 10700 Puritan Ave., Detroit 
38, Mich. ) 

8-10. Biology of Pyelonephritis, intern. 
symp., Detroit, Mich. (E. L. Quinn, 
Henry Ford Hospital, W. Grand Blvd. at 
Hamilton, Detroit 2. ) 

8-10. Optical Soc. of America, annual, 
Ottawa, Canada. (S. S. Ballard, Dept. of 
Physics, Univ. of Florida, Gainesville. ) 

9-13. American Soc. of Civil Engineers, 
Los Angeles, Calif. (E. S. Kirkpatrick, 
ASCE, 33 W. 39 St., New York 18.) 

11-16. American Acad. of Ophthalmol- 
ogy and Otolaryngology, Chicago, Ill. (W. 
L. Benedict, 15 Second St., SW, Roch- 
ester, Minn.) 

11-16. American Inst. of Electrical En- 
gineers, fall general, Chicago, Ill. (N. S. 
Hibshman, AIEE, 33 W. 39 St., New 
York 18.) 

11-16. American Soc. for Testing Ma- 
terials, Pacific area natl., San Francisco, 
Calif. (R. J. Painter, ASTM, 1916 Race 
St., Philadelphia 3, Pa.) 

12-14. Clay Conf., 8th natl., Norman, 
Okla. (C. G. Dodd, Eighth Natl. Clay 
Conf., University of Oklahoma, Norman.) 

12-14, Electronics Conf., 15th annual 
natl., Chicago, Ill. (NEC, 228 N. La Salle 
St., Chicago 1, Ill.) 

12-16. Macromolecules, intern, symp. 
(IUPAP), Wiesbaden, Germany. (W. 
Mauss, Intern. Symp. on Macromolecules, 
c/o Kalle & Co., Rheingaustrasse 25, 
Wiesbaden-Biebrich, Germany. ) 

12-19. Venereal Diseases, intern. cong. 
(by invitation), London, England. (G. E. 
W. Wolstenholme, Ciba Foundation, 41 
Portland Pl., London, W.1, England.) 

13-17. International Union against the 
Venereal Diseases and the Treponema- 
toses, London, England. (Institut Alfred 
Fournier, 25, Boulevard Saint-Jacques, 
Paris 14°, France.) 

14-16. Parenteral Drug Assoc., annual 
conv., New York, N.Y. (H. E. Boyden, 
Parenteral Drug Assoc., 130 E. 59 St., 
New York 22.) 


(See issue of 21 August for comprehensive list) 





New Products 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 582. 


"TEMPERATURE CONTROLLER for high- 
power applications controls 140 kva if 
water-cooled ignitrons are used or 50 
kva if air-cooled types are used. The 
regulator includes an electronic con- 
troller and an ignitron firing circuit. 
By varying the firing angle of the igni- 
trons, the controller proportionally regu- 
lates the load power. (Research Inc., 
Dept. 18) 


™@ VOLTAGE-TO-FREQUENCY CONVERTER ac- 
cepts d-c input voltage from 0 to 1000 v 
in four ranges and provides correspond- 
ing frequency output from 0 to 10,000 
cy/sec. Input impedance is 1 megohm 
shunted by 200 pf. Accuracy of + 0.1 per- 
cent of full scale is claimed. Signals of 
either polarity may be measured. A mer- 
cury cell within the instrument permits 
calibration. (Dymec Inc., Dept. 21) 


™ WELDER can be used to put taps onto 
single turns of potentiometer windings 
made of 0.0005-to-0.008-in. wire. A thin 
ribbon material is used to obtain con- 
nections with low terminal resistance. A 
built-in ohmmeter and an_ electronic 
metering circuit produce an audible 
signal to indicate the correct turn to 
which the weld is to be made. (Ewald 
Instruments, Dept. 23) 


™ SIGNAL GENERATOR covers the frequency 
range 125 kcy to 175 Mcy/sec in cali- 
brated bands, both modulated and un- 
modulated. Crystal-controlled frequen- 
cies are provided on harmonics up to 
250 Mcy/sec. Output is metered from 
0.1 to 10° wv without external attenua- 
tion. (Hickok Electrical Instrument Co., 
Dept. 24) 


™ BALL REBOUND TESTER tests resilience 
of foamed plastic by dropping a steel 
ball 54 in. in diameter onto the sample 
and measuring the rebound. The steel 
ball is released in a clear plastic verti- 
cal tube by an electromagnet. Circles 
scribed on the tube aid in estimating re- 
bound height. (Custom Scientific Instru- 
ments, Dept. 25) 


®@ AMINO-ACID ANALYZER performs analy- 
sis of over 20 amino acids in less than 
24 hr. Results are said to be consistent 
within + 2 to 3 percent. The instrument 
separates the amino acids, carries out 
the Ninhydrin reaction on the effluent, 
and records the optical density photo- 
metrically. Temperature is controlled 
within +0.2°C. Output can be read to 
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‘ Write for this free 40-page book 
HARSHAW SCINTILLATION PHOSPHORS 


Presents definitive article on characteristics and properties of scintillation phosphors 
with special emphasis on Nal(T1). A general discussion of scintillation counting is 
augmented with many appropriate tables, efficiency curves, and typical gamma ray 
spectra. Gives specifications and drawings of Har- 
shaw mounted phosphors, and lists miscellaneous 
other phosphors available from Harshaw. We will 
be pleased to send you a copy. 


Also available .. . ¥ i 
Free 36-page book 


HARSHAW SYNTHETIC OPTICAL CRYSTALS 


Discusses in detail various Harshaw crystals used for infra-red and ultra-violet 
optics. Includes many pertinent graphs. Ask for your copy today. 





Synthetic Optical Crystals 


Tet MAREMAW CHEM AL CO 





ape THE HARSHAW CHEMICAL COMPANY 


HARSHAW 1945 EAST 97th STREET * CLEVELAND 6, OHIO 


i HE CHICAGO « CINCINNATI ¢ CLEVELAND ¢ DETROIT *« HOUSTON « LOS ANGELES « PHILADELPHIA 
HASTINGS-ON-HUDSON, N.Y. © PITTSBURGH 

















* Good Sensitivity * High Stability * Long Dependable Service 





4090. TRIPLE-BEAM BALANCE, High Form. fc increcne weighing’ ccscite rein; «= W. M. WELCH SCIENTIFIC COMPANY 


The balance is 13 inches long and 11 grams to 201 grams. This weight is DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
inches high. The pan is San =. ay age Me ae ee and = it me ———— ESTABLISHED 1880 
ft t tt 
TOve ‘Inches highy “Bock $27.80 same time cr the Gelance, "Each, $150 1515 Sedgwick Street, Dept. E, Chicago 10, Illinois, U.S.A. 
4030C. PLASTIC COVER, For ‘ oo - Manufacturers of Scientific Instruments and Laboratory Apparatus 
ach, $1. 
i f 


WELCH STAINLESS STEEL 


TRIPLE-BEAM BALANCE 


SPEEDY, ACCURATE WEIGHING 
Wide Range 


Corrosion-Resistant 
Low Cost 


Capacity 111 grams SENSITIVE TO 
(201 grams using auxiliary weight) 0.01 grams or less 
3 Graduated Scale Levels for easy reading. Riders move easily. 


Hard, Cobalite Knife Edges maintain true edge indefinitely. 


Grooved Agate Bearings are protected against damage, yet highly 
resistant to corrosive action of laboratory fumes. 


One-Piece Beam Construction — Silver-Gray Hammerloid Finish 
Rapid Zero Setting — Beam Arrest for faster weighing. 


4031. AUXILIARY WEIGHT. For use on 
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——=A NEW USSR ACADEMY OF SCIENCES JOURNAL 





OPTIKA I SPEKTROSKOPIYA 


now available in translation as 


OPTICS AND SPECTROSCOPY 


beginning with January 1959 issue at new low rates 


Publishing results of experimental and theoretical investigations by leading 
Soviet Scientists. Articles in all branches of optics and spectroscopy, including 
X-ray, ultraviolet, visible, infrared and microwave, thin layer optics, filters, de- 
tectors, diffraction gratings, electro-luminescence, thermal radiation backgrounds, 
infrared polarizers and many applications to other branches of science and to 
industry. 


Translated and published by the OPTICAL SOCIETY OF AMERICA, this 
branch of Soviet Science is now made available to all interested individuals and 
organizations along with the Journal of the Optical Society of America at the rate 
of a single journal alone. This was made possible by a grant-in-aid from the 
NATIONAL SCIENCE FOUNDATION to the OPTICAL SOCIETY OF 
AMERICA. Comments on the Soviet articles will appear in the Letters to the 
Editor column of the Journal of the Optical Society of America. 


U.S. & Canada Elsewhere 

(both journals) (both journals) 
Associate membership dues Optical Society of America $13.00 $13.00 
Non-member subscription $25.00 $28.00 


For membership in the OPTICAL SOCIETY OF AMERICA please write 
to Dr. K. S. Gibson, Secretary, Optical Society of America, National Bureau of 
Standards, Washington 25, D. C. Qualification for membership consists of ‘fan 
interest in optics.” 


For non-member subscriptions write to the AMERICAN INSTITUTE OF Puysics, 
335 E. 45th Street, New York 17, New York. 


























Try UNITRON'Snew 








PE. 


The Mode! MPS is a precision instru- 
ment designed to meet the exacting 
requirements of science, education 
and industry. Ideal for work in chemis- 
try, crystallography, biology. as well as 
the technology of paper, glass, textiles 
and petroleum. 


© Eyepieces : 5X (micro.), 10X (cross.) 


* Objectives: 4X, 10X, 40X, achro- 
matic, strain-free, centerable 
Nosepiece: quick-change type 
Substage condenser: focusable, 


3-lens, swing-out top mount, iris 
diaphragm 


Polaroid polarizer: rotatable 360 
Polaroid analyzer: in sliding mount 
Bertrand lens: centerable 


Stage: 115mm diameter, revolves 
360°, reads to 6’ with vernier 


2 Compensators: quarter-wave 
plate and first order red plate 


Focusing: both coarse and fine 


Quantity prices on three or more 


L 


Accessory mechanical stage $14.75 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET « 





Please rush UNITRON’s Microscope Catalog 
Company. 


City__ State 


} 
i 
Address. 





NEW 
LOOGEOGRAPHY 


Edited by CARL L. HUBBS 


510 +x pp., 1958, $12.00 
AAAS members’ cash orders $10.50 
115 illus., 13 tables, author index 
22-page index of scientific names 





































Dedicated to the Memory 
of Charles Darwin and 
Alfred Russell Wallace 
AAAS Symposium Volume No. 51 


Combines two Symposia: 


| 
| The Origins and Affinities of the 
| Land and Freshwater Fauna 
| of Western North America 
| 
FREE TEN-DAY TRIAL Geographic Distribution of 
| Contemporary Organisms 
| 
| 


In England: 
Bailey Bros. & Swinfen, Ltd., 
Hyde House, West Central Street, 
London W.C.1 


AAAS 





BOSTON 9, MASS. 








1515 Mass. Ave., NW, 
Washington 5, D.C. 
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0.001 optical density units. Three pho- 
tometers are used, two at 570 mu and 
one at 440 mu for maximum accuracy 
over a wide range of concentrations and 
for a variety of amino acids. (Beckman 
Instruments, Inc., Dept. 27) 


“SILICONE RUBBER POTTING COMPOUND is 
color-coded for identification of encap- 
sulated materials. The compound is sup- 
plied as a pourable liquid suitable for 
either dipping or knife coating. Setting 
time is 25 min. The fully cured mate- 
rial retains its resiliency to — 70°F. 
(Plastic Associates, Dept. 30) 


"TEST CHAMBER simulates altitudes in 
the range 100,000 to 250,000 ft. Altitude 
simulation is combined with tempera- 
ture range of — 100° to +300°F, Vibra- 
tion can be coupled through a bellows 
arrangement that permits test items to 
be bolted directly to the vibration-gen- 
erator table. Rate of pressure change 
equivalent to rate of climb of 25,000 
ft/min. (Conrad, Inc., Dept. 32) 


®@ FLUORIDE REAGENT permits colorimetric 
microdetermination of fluoride in 15 to 
20 min. The reagent, lanthanum chlora- 
nilatate, is supplied as a stable powder, 
certified for sensitivity to fluorides, to be 
added by the user directly to a buffered 
solution containing the fluoride. The 
manufacturer guarantees sensitivity to 
0.5 parts per million when absorbance 
is measured at 340 mu. Precision and 
accuracy of approximately +1 percent 
are claimed. Acetate, sulfate, nitrate, 
chloride, bromide, and iodide ions or 
carbonates do not interfere. (Fisher Sci- 
entific Co., Dept. 33) 


" TIME-INTERVAL METER operates by 
charging a capacitor through an elec- 
tronic gate controlled by the events be- 
ing observed. The voltage built up across 
the capacitor, a measure of the time 
interval, is displayed by a vacuum-tube 
voltmeter. Eight measuring ranges from 
0.3 to 1000 msec, full scale, are pro- 
vided. The shortest measurable interval 
is said to be 0.005 msec, full-scale ac- 
curacy +2 percent. (Presin Co., Dept. 
34) 


®™ spECTROGRAPH Of large aperture uses a 
4-by-4-in. plane grating, ruled 15,000 or 
30,000 grooves per inch, as the disper- 
sion element. The instrument covers a 
2500-A region with dispersion of 20A/mm 
at aperture {/6.3 in the first order. The 
optical system is a slightly asymmetrical 
Czerny-Turner mounting. The spectrum 
is recorded on 5-by-7 in. plate or film. 
Slit size is adjustable from 0 to 200 n. 
Shutter speeds up to 1/400 sec are pro- 
vided. (Jarrell-Ash Co., Dept. 36) 

JosHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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GLASS ABSORPTION 
CELLS = "" 


KLETT 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 














FOR PAPER CHROMATOGRAPHY— 


A NEW & SIMPLE METHOD OF 
CHROMATOGRAPHING PAPER STRIPS 





The New Kurtz-Miramon Technique 


...permits chromatographing 
large numbers of paper strips 
at one time in a small space. 


...eliminates fumbling with 
dangling, wet paper strips. 


... prevents papers from 
touching or rubbing together 
while being developed, 
washed, sprayed, and dried. 


...eliminates use of anchor 
and anti-siphon rods. 


... utilizes all-glass apparatus. 


Write for Brochure SK 


CALIFORNIA LABORATORY EQUIPMENT CO. 
98 Rincon Road . Berkeley 4, California 











For Better 
Microtome Knife 
Maintenance 


Aloe Precision 
Electric Sharpener 
and 
‘Micro-Stropper 


e Sharpener produces perfect edges in less than 5 minutes. 
e Micro-Stropper reduces sharpening and grinding requirements— 


increases knife life. 


Three stick abrasives are furnished with sharpener for specific 
type knife edges. No mess involved as with water abrasives. 
Sharpener provides keener, longer lasting cutting edges and 
maintains original knife bevel. Stropper assures perfectly 
straight, uniform edge every time. Together, sharpener and 
stropper offer the ideal knife maintenance assembly—at a 


price below that of most sharpeners alone. 


Complete information sent on request. Write or call us today. 
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OUR 100th YEAR 


DIVISION OF THE BRUNSWICK-BALKE-COLLENDER COMPANY 


General Offices 


5655 Kingsbury, St. Louis 12, Mo. 
Fully Stocked Divisions Coast to Coast 
579 

















Just Published: Vol. 10 537 pages 


PHYSICAL CHEMISTRY 


Thermochemistry and Thermodynamic Properties of 
Substances 
Experimental Molecular Structure 


Radiation Chemistry 

Quantum Theory, Theory of Molecular Structure 
and Valence 

Electronic Spectra of Organic Compounds 

Vibration-Rotation Spectra 

The Solid State 

Nuclear and Paramagnetic Resonance 

High Temperature Chemistry 


Back Volumes Available 


$7.00 postpaid (U.S.A.) ; $7.50 postpaid (elsewhere) 
Vol. 128 
ANNUAL REVIEWS, INC. Vol. 117-127 


Grant Avenue, Palo Alto, California 




















The Kinetics of Reactions in Gases Volume 128 of SCIENCE, July-December 
Bleck aa rey wr heim wah snrenie 1958, is now available on Microcards at $10.00. 
Ion Exchange For the first time, the cards are printed front and 
Phos praise coer back—and even less storage space is needed. 
Proteins and Synthetic Polypeptides Most back sets, starting with Vol. 117, January 
clmnaedl acne —— 1953, have had to be reprinted—an indication of 
Solutions of Nonelectrolytes the growing need for this economic way of mag- 


azine storage. 


1515 Mass. Ave. NW, Washington 5, D.C. 


SCIENCE ON MICROCARDS 
July-December 1958 $10.00 
Jan. 1953-June 1958 $7.50 each 











ANNUAL REVIEW OF SCIENCE ON 
caer MICROCARDS 


Order now from 


SCIENCE, 


gee ee ee ee ee ee ee ee 











PERSONNEL PLACEMENT | 






































CLASSIFIED: Positions Wanted, 25¢ INN POSITIONS OPEN | 
ASsirtD; eating wanes. 25¢ om | | Ml in 
Box Number counts as 10 additional 
oo. — oe - = 
ositions Open, per inch or frac- 
Jy aa No charge for box BACTERIOLOGISTS 
number. 
COPY for classified ads must reach Research 
SCIENCE 2 weeks before date of issue . 
(Friday of every week). Challenging positions are open for bac- 
DISPLAY: Rates listed below—no charge H i i i 
for Box number. hertinty rs tovege, Hf teriologists with a bachelor s degree and 
be net a, ° Change sccount bene _ 2 to 4 years’ research experience, pref- 
rovi ° . . . 
et IO a ee erably in public health or microbiology. 
F pg ievertien $53.00 per _ These positions offer opportunity to use 
2 times in 1 veer 28.00 aed inch your initiative and creative ability on 
mes in year : per inc! i H i ° 
35 Genes tet Peer 26:00 per inch interesting and varied programs. Excel 
52 times in 1 year 25.00 per inch lent employee benefits and liberal vaca- 
For PROOFS on display ads, copy must 4 i é - : 
reach SCIENCE 4 weeks eine vol tion policy. Please send résumé to: 
of issue (Friday of every week). 
nae » blind ads should be addressed E. P. Bloch 
* Box ive number ARMOUR RESEARCH FOUNDATION 
cience 
1515 Massachusetts Ave., NW of 
Washington 5, D.C. Illinois Institute of Technology 
10 West 35 Street 
| 
II POSITIONS WANTED jj Chicago 16, Illinois 
Experienced Bacteriologist-Biologist, Ph.D., 
xX 


wants employment, Box 209, SCIENCE. 





III! POStrx0Ns OPEN |i 








BIOLOGICAL SCIENTIST 
ABSTRACTOR 


Well-known Philadelphia pharmaceutical 
firm has several openings available for 
alert individuals having M.S. or B.S. in 
the preclinical sciences. Some foreign lan- 
guage ability also desirable. Must be in- 
terested in abstracting and indexing of 
current scientific literature. Outstanding 
benefits including tuition assistance. Please 
submit complete résumé. 


Box 207, SCIENCE 











LITERATURE SCIENTISTS 


To evaluate, abstract, and code scientific 
information for mechanized literature re- 
trieval system. Training in biological or 
medical sciences. Writing and foreign- 
language abilities. Reply to 


Employment Division 


ABBOTT LABORATORIES 
North Chicago, Illinois 














Biological Production. Opportunity for top pro- 


Mourcenatoniet ee eee Ph.D. Zool- 
duction man, either D.V.M. or Ph.D., biologi- 


ogy and medical school teaching; Phi Kappa 
Psi, Alpha Kappa Kappa, Sigma Xi. Age 33; 





see Pater ; - : cal production with an ethical veterinary supply 

1S TENGE madame: 2 rey? being Pag company. Requirements include biological pro- 
: ; i : See See duction experience, | administrative ene gee 
Virologist, Ph.D. For research, teaching, in vi- potential, and ability to direct people. Oppor- 
rology, tissue culture, Experience in medical tunity for growth, Salary commensurate — 
microbiology, phage transduction. Box 212. training and experience, Other employee benefits. 
SCIENCE. , 18, 28 Box 196, SCIENCE. 8/28; 9/4 


Pharmaceutical Chemist. Pharmaceutical chem- 
ist, Ph.D., to head pharmaceutical research and 
development section of expanding research de- 
partment. Growing company in field of ethical 
biological and pharmaceutical products. Must 
have administrative and executive potential and 
must be able to direct and coordinate research 
projects. Opportunity and growth potential ex- 
cellent. Salary commensurate with training and 
experience. Box 197, SCIENCE. 8/28; 9/4 
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IM] POStTIONS OPEN |i 


Hospital Biochemist. Duties include supervision 
of well-equipped clinical chemistry division of 
laboratory, setting up new methods, performing 
more difficult tests, teaching students. Ph.D. 
preferred. Fully accredited hospital, 350 beds. 
Liberal fringe benefits, including pension plan 
and social security. Apply to Personnel Director, 
The Norwalk Hospital, Norwalk, peer 5 

11 
(a) Medical Administrator; M.D. to assist in 
administration, education, public relations pro- 
gram, renowned national organization, employ- 
ing large staff of field workers; metropolitan 
headquarters; to $20,000. (b) Bacteriologist; 
Ph.D. to conduct basic research on infectious 
diseases, participate in development of synthetic 
drugs; to about $10,000; prominent eastern con- 
cern. (c) Director, Clinical Investigation; 
M.D. ; pharmaceutical experience required ; some 
travel; international operation affiliated with 
many pharmaceutical subsidiaries; around $20,- 
000; Midwest. (d) Director, Clinical Research; 
M.D. able to organize, administer clinical re- 
search program; prefer previous related experi- 
ence; travel required; young, growing pharma- 
ceutical house; to $18,000; Midwest. (e) Bio- 
chemist, Ph.D., supervise busy section, three 
new biochemistry laboratories under construc- 
tion; expansion program will provide 400-bed 
general hospital; to $12,000; Midwest. Wood- 
ward Medical Bureau, Ann Woodward, Direc- 
tor, 185 North Wabash, Chicago. x 


Microbiologist. For postdoctorate at large West 
Coast university. Biochemistry and/or genetics 
background desirable. Send complete résumé 
with initial letter. Reply to Box 213, serene 














New World-Wide Graduate Award Directories 
for American scientists, teachers, librarians to 
subsidize their education and research. Stipends 
$200-$10,000. Volume I (1957), $3; volume II 
(just published, no duplication), $3; both vol- 
umes, $5. Limited editions. Complete, specific 
information on 400 awards in United States and 
overseas in each volume. CRUSADE, Sci., Box 
99, Station G, Brooklyn 22, N.Y. eow 








RESEARCH ENGINEERS 


IF YOU - - - 

1. are experienced and interested in 
dynamic analysis and vibration engi- 
neering, 

2. have M.S. or Ph.D. degree or equiva- 
lent in specific experience, and have 
United States citizenship. 

3. desire to apply your knowledge to a 
wide variety of technically significant 
industrial and government problems, 

4. would enjoy a permanent staff posi- 
tion ensured by niultiple sponsorship, 

5. would appreciate the opportunity to 
proceed with your graduate studies 
on a convenient basis while function- 
ing as a full-time staff member, 

6. enjoy working in communication and 
close professional contact with men 
from other scientific and engineering 
fields, 

7. would like to join the staff of one 
of the largest independent research 
organizations in the world, 
please contact: 

E. P. Bloch 
ARMOUR RESEARCH FOUNDATION 
of 
Illinois Institute of Technology 
10 West 35 Street 
Chicago 16, Illinois 














SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS bol ge needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearl 
(12 issues) membership, $5.00. CRUSADE, 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 
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Pharmacologist. Ph.D. with training or experi- 
ence in drug evaluation and pharmacodynamics 
for senior pharmacologist position. Please send 
vita and salary requirements to Personnel Man- 
ager, Baxter Laboratories, Inc., Morton Grove, 
Illinois. 9/11, 18, 25 


Research Assistant. Enzymes. Research insti- 
tute, New York City. Permanent; interesting 
work, superior conditions. Part-time considered. 
Please state education and experience in detail; 
personal, salary required; date available. Box 
211, SCIENCE. x 


Research Director, Ph.D. Unusual opportunity 
for capable, energetic, and ambitious person to 
have full responsibility for laboratory in growing 
medium-size Chicago area pioneer manufacturer 
of ingredients used in pharmaceuticals, foods, 
and feeds. Laboratory functions include research, 
development, “trouble shooting,” quality con- 
trol. Industrial experience required in allied 
field. Excellent growth benefits. Box 210, SCI- 
ENCE. 9/11, 18, 25 
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SEROLOGISTS 


Excellent opportunity for men with several 
years of experience in blood-typing labo- 
ratory or with academic training in se- 
rology, to work in research, development, 
or production of a wide variety of blood- 
typing sera. Academic atmosphere and 
competent associates make this an out- 
standing opportunity. 

Send résumé to 


Employment Manager 
Ortho Pharmaceutical 


Corporation 
Route 202 





Raritan, N. J. 











USE THIS EASY SELF-MAILER to obtain 
further information 


>] 
a ins 


4 September 1959 


Information Requisition 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in New Products. This cou- 


pon is good for 3 months only. 


From: 


I Sco bia co occ wee 


NESS ota tes bce alae wc) ere.a o 


Te ees eevee me re we 


(Please print or type) 


Postage 
Will be Paid 





Postage Stamp 
Necessary 


If Mailed in the 
United States 











BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 








} ee ae , Sie 
To: SCIENCE MAGAZINE 


Room 740 


11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Glue 


; Mark, clip coupon—FOLD HERE along this line—mail 
§ 


581 

















The Market Place 


BOOKS + SERVICES » SUPPLIES » EQUIPMENT 





DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
that satisfactory credit is established. 
Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 

13 times in 1 year 27.00 per inch 

26 times in 1 year 26.00 per inch 

52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 
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FOUNDED 1922 
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Maurice Avenue at 58th Street 
Maspeth 78, New York City 
CABLE: FOODLABS _—TEL. TWINING 4-0800 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are Mar RT to re at high mar- 
fet prices. Write Dept. A3 NER’S, Inc. 
Boston 90. goed Rad 














AUTHORS WANTED 
BY N.Y. PUBLISHER 


New York, N.Y. — One of the nation’s largest 
book publishers is seeking book-length manu- 
scripts of all types — fiction, non-fiction, poetry. 
Special attention to new writers. For more infor- 
mation, ane - booklet 28A — it’s free. Vantage 
Press, 120 W. 31 St., New York 1. (Branches in: 
Washington, Ps Ge Chicago, Hollywood, Calif.) 
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Information Requisition 


4 September 1959 


Use this easy self-mailer to obtain further information about 
items or literature from the New Products section as well as 


advertised products. 


NEW PRODUCTS 


Circle below desired number corresponding to: 


18 21 23 24 
33 34 36 


ADVERTISERS IN THIS ISSUE 


In the below list, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters A, B, C are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, U indicates upper ad, L 


lower ad, 


(outside back cover). 


IBC (inside back cover), 
Advertisements in Personnel Placement are not keyed; 


I inside ad, M middle ad, and O outside ad. The covers are 
designated by IFC (inside front cover), 


and OBC 


only fractional pages (one-sixth or larger) in the Market Place are keyed. A 
multiplicity of items is indicated by *. Readers are requested to specify on 
this coupon the particular item in which they are interested; otherwise, the 


request cannot be processed. 


0 IFC 0 523* 0 524 

0 528 0 529 0 531 

0 575, Ul 0575, vo 0 575, L 
0 577,L 0 578,U 0 578, LO 
0 579,L 0 580, uo 0 OBC 


uo 
loo] 
te 


25 27 30 32 | 
\ 


0 525 

0 534 

0 577, U-A 
0 579, Ul 


0 526 
0 574 
0 577, U-B 
0 579, uo 





JOURNALS FOR SALE 


Transactions of Am. Inst. Chem. Eng. 
34-44 

Biochemische Zeitschrift 1-315 

Industrial Arts Index 1943-1949 

Engineering Index 1947-1952 

Journal of Biological Chemistry 1-44 
Bound In good condition 


Box 208, SCIENCE 
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Laboratory Animals 


Mice Guinea pigs 
Rats Wamneters Rabbits 


Information sent on request 
H. S. HURLBURT 


Animal Research Center, Bainbridge, N.Y. 
WOrth 7-5415 








De You Need: 
Silicic Acid? 


(Specially prepared for lipid chromatography) 











F ASK FOR PRICE LIST SSA 


GIT Laboratories— 


32nd & GRIFFIN AVE. » RICHMOND, CALIFORNIA 










albino 


From the hand of the veterinarian 


to research. 
HYPOPHYSECTPDMIZED RATS 


* CHARLES RIVER CD (Caesarean-derived) 
* CHARLES RIVER SD (Sprague-Dawley 


descendants) 


* CHARLES RIVER W_ (Wistar descendants) 


THE CHARLES RIVER BREEDING LABS 
Dept. B 1093 Beacon St. Brookline 46, Mass. 











METAL TAGS TO LOCK ON 
LAB GLASSWARE 
Color coded for quick reference @ Labels 
3” by 5%” with a 200 line screen embossed 
each side for weatherproof record @ 50 tags 
in five colors & weatherproof pencil $3.00 


TWIST-ON Label Co., 
P.O. Box 132, San Mateo, Calif. 














e HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
or further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 2y, ill. 


FREE Vit? 
RO- 


tion to AE 
GRA 












Gas 
a) 

PH Research hroma h 
Notes, a technical C 0 tograp J 
publication on new developments in o 
chromatography. We offer a complete selection 
of essential supplies and the Aerograph line 
of GLPC —— 

Se ‘or your free subscription today 
WILKENS INSTRUMENT & RESEARCH INC. 
Box 313, Walnut Creek, Callfornia YEllowstene 5-1469 
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GET YOUR ADVANCE COPY 


of the General Program of the 
AAAS Chicago Meeting 


by first class mail — early in December 


The General Program of the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959, will be 
available to you within the first week in December—whether you can attend the Meeting or not. 
Effective this year, the former General Program-Directory, which had become an unwieldy 
book of more than 400 pages, has been separated into two publications, namely: 
a) The Directory of AAAS Officers and Activities, 96 pp., already published; and 
b)The General Program of the Annual Meeting, c. 200 pp., which will appear early in 
December. 
Both of these, sold at cost, may be purchased separately—in advance (see coupon below), or at the 
meeting. Some of their respective contents are: 


The General Program The Directory 


1. The two-session general symposium, “Moving Frontiers of 1: AAAS cificess. stat committees S00 3050 
Science IV,” arranged by the Committee on AAAS Meetings. — sitonagtetied : 


2. Programs of the 18 AAAS sections (symposia and con- 2. Section committees and other AAAS Council members. 
tributed papers). eae ate 3. The 285 affiliated organizations. 

3. Programs of the more than 70 participating societies. 

4, Sessions of the Conference on Scientific Communication, 4. Historical sketch and organization of the Association. 
Gonerens on Scientific Manpower, and the Academy 5. Complete roll of AAAS presidents and their fields. 

5. The Special Sessions: AAAS Address and Reception, Na- 6. Publications of the Association, including all symposium 
tional Geographic Society, Phi Beta Kappa, Sigma Xi, volumes. 
RESA, Tau Beta Pi Association. ‘ A ; 

6. Details of the Morrison Hotel—center of the Meeting—and 7, AAAS Awards—including all past winners. 
of the other session sites. 8. Future Meetings of the AAAS through 1963. 

7. Titles of the latest foreign and domestic scientific films to be ‘ onsale 
shown inthe AAAS Science Pheatic. 9. New and current activities of the AAAS. 

8. Exhibitors in the 1959 Annual Exposition of Science and 10. Constitution and Bylaws. 


Industry and descriptions of their exhibits. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You re- 
ceive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to attend; 
3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program; the Directory may also be ordered. 


—THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM— 
(AND FOR THE DIRECTORY, IF ALSO DESIRED) 


la. O Enclosed is $3.00 for my advance Registration Fee which brings me the General Program, Convention Badge, and all 
‘privileges of the Meeting. 


1b. Enclosed is $2.00 for only the General Program. (It is understood that, if I should attend the Meeting later, the Badge— 
necessary for the privileges of the Meeting—will be secured for $1.00 more.) 
(Check la or 1b) 


lc. F Enclosed is $1.00 for the Directory of AAAS Officers and Activities to be sent now. 
OCHIAI E MORCLOSOUE tds. Carers ai als comes Carels Ss Qeiken 


UE UP RPS R  ON enn Term Sarr rrr: fh hee. 
(Please print or typewrite) (Last) (First) (Initial) 
3. ACADEMIC, PROFESSIONAL, OR 
Rey ee CEERI oar cakes 5 6 os cc okie we och dala eee Wie Sb old 0b See ose e clad SOM e eles 6-4 wigs ae Sats oe meas es eee 


Be REG CG TIVE FUMIO 6656s e secs e nese even eces Wate cscccccdlnecessucgeque sceeMieenes cece ee geese” 


NN GP? MON NGA wie g Ssikis's o's ved den cus sue baus OUOHRSEK Ss. pescrcagens demegunes sdk eWadhecse ee auamneen 


Be. ON GERO LOCH OCREMIEIEISSD x. Oc... ciui's cles Sei Wi i TBS wc a Sede s MERA Gl. WU olhcald CPG BR c 6 cc 0's a aa awew eeerperemion Gears 
(May be added later, after arrival) 


Please mail this Coupon and your check or money order for the total amount to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 











AUDIOHM 
THERMISTOR 





... for determining melting points by use of a thermistor 


Advantages: 


e Can be used with any 
Thomas-Kofler 
Hot Stage 


e Audible signal permits 
uninterrupted 
observation 


e Single sensor for entire 
temperature range 


e Faster response 


e Simple graphic reader 
converts resistance 
values to temper- 
ature readings 


e Bridge Alarm permits 
unattended heating 
and cooling of Stage 


3963-A7, 


in place of mercury-in-glass thermometers 


AUDIOHM THERMISTOR KOFLER HOT STAGE ASSEMBLY, Thomas. 
For determination of micro melting points and other fusion phenomena 
temperatures without removing the eye from the microscope. 


Other advantages of the thermistor method are faster response, obtained 
by locating a smaller sensor closer to the field of observation than is possible 
with a thermometer, and the elimination of stage-calibrated thermometers. 


Uninterrupted observation of fusion through all phases is made possible 
by measuring temperature ‘as a function of thermistor resistance, which 
can be determined at any given instant by manually nulling the audible 
bridge signal. Dial reading remains unchanged and can be recorded sub- 
sequently. The Bridge Alarm, offered as an optional accessory, signals 
approach to a preset balance point, permitting the operator to leave the 
stage unattended while it heats or cools. 

The assembly shown above consists of Thomas-Kofler Hot Stage— 
described on pp. 877 to 880, incl., of our catalog—with the following Audi- 
ohm Thermistor accessories in place of the usual thermometers: 

Thermistor Hot Stage Attachment. A chromium plated, circular brass 
block, with 1 mm bead type thermistor. Fits directly on any Thomas-Kofler 
Hot Stage in place of detachable rim. 


Audiohm Resistance Bridge. Range 0.2 to 2,500,000 ohms, 1000-cycle output; 
with phone jack for earphones, and octal socket in rear to take Bridge Alarm. 

Earphones. For attachment to Resistance Bridge to detect null point of 
audible signal. 


Thermistor Temperature Computer. A circular slide rule on 16-inch square 
plastic base plate. For converting resistance values directly to temperature 
readings in the range 20° to 350° C. 
6887-C2. Audiohm Thermistor Hot Stage Assembly, Thomas-Kofler, complete 
as illustrated, consisting of Hot Stage with transformer, Thermistor Attachment for the 
stage, Audiohm Resistance Bridge, Earphones, and Thermistor Temperature Computer; 
without Microscope or Bridge Alarm. For 115 volts, 50 or 60 cyc. a.c.......000. 422.95 
6887-B. Thermistor Hot Stage Attachment, 3963-A7. Resistance wet we Buzzer 
only, for use on Thomas-Kofler Hot Stage..50.25 Type, Thomas . . ..58.50 


3950-M2. Earphones, only 2. 
3963-AS5. Resistance Bridge, Thomas Audi- 6884-F, Thermistor Tomporatere Computer, 


More detailed information sent upon request. 


ARTHUR H. THOMAS COMPANY 


PHILA USA 


More and more laboratories rely on sd Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA &, PA. 











